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SPECIAL REDUCED ALUMNI RATES 

TWELFTH ANNUAL TOUR PROGRAM—1976 


1976 marks the twelfth year of operation for 
this unique program of tours, which visits some 
of the world’s most fascinating areas and which 
is offered only to alumni of Harvard, Yale, 
Princeton, M.I.T., Cornell. Univ. of Pennsyl¬ 
vania, Columbia. Dartmouth, and certain other 
distinguished universities and to members of 
their families. The tours are designed to take 
advantage of special reduced fares offered by 
leading scheduled airlines, fares which are 
usually available only to groups or in conjunc¬ 
tion with a qualified tour and which offer 
savings of as much as $500 over normal air 
fares, in addition, special rates have been ob¬ 
tained from hotels and sightseeing companies. 

The tour program is consciously designed for 
persons who normally prefer to travel inde¬ 
pendently and covers areas where such persons 
will find it advantageous to travel with a group. 
The itineraries have been carefully construct^ 
to combine as much as possible the freedom of 
individual travel with the convenience and 
savings of group travel. There is an avoidant* of 
regimentation and an emphasis on leisure tirne, 
while a comprehensive program of sightseeing 
ensures a visit to all major points of interest. 

Each tour uses the best hotel available in every 
city, and hotel reservations are made as much as 
two years in advance in order to ensure the 
finest in accommodations. The hotels are listed 
by name in each tour brochure, together with a 
detailed day-by-day description of the tour 
itinerary. 

The unusual nature and background of the 
participants, the nature of the tour planning, 
and the quality of the anangements make this a 
unique tour program which stands apart from 
the standard commercial tour offered to the 
general public. Inquiries for further details are 
invited. 


AEGEAN ADVENTURE 

23 DAYS $1925 

This original itinerary explores in depth the 
magnificent scenic, cultural and historic 
attractions of Greece, the Aegean and Asia 
Minor, including not only the major cities but 
also the less accessible sites of ancient cities, 
together with the beautiful islands of the 
Aegean Sea. Visiting Istanbul, Troy, Pergamum, 
Sariis, Ephesus and Izmir (Smyrna) in Turkey, 
Athens, Corinth, Mycenae, Epidauros, 
Nauplion, Olympia and Delphi on the mainland 
of (jreece, and the islands of Crete, Rhodes, 
Mykonos, Patmos and Santorini in the Aegean. 
Total cost is $1925 from New York. Departures 
in April, May, July. August. September and 
October 1976. (Additional air fare for depar¬ 
tures in July and August.) 


SOUTH AMERICA 

28 DAYS $2,245 

From the towering peaks of the Andes to the 
south Atlantic beaches of Rio de Janeiro, this 
tour travels more than ten thousand miles to 
explore the immense and fascinating continent 
of South America. Visiting Bogota, Quito, 
Lima, Cuzco, Machu Picchu, La Paz, Lake 
Titicaca, Buenos Aires, the Argentine Lake 
District at Bariloche, the Iguassu Falls, Sao 
Paulo, Brasilia, and Rio de Janeiro. Total cost is 



$2245 from Miami, $2280 from New York, 
with special rates from other cities. Departures 
in January, February, March, April, May, July, 
September, October and November, 1976. 


THE ORIENT 

29 DAYS $2395 

A magnificent tour which unfolds the splendor 
and fascination of the Far East at a comfortable 
and realistic pace. Visiting Tokyo, the Fuji- 
Hakone National Park, Kyoto, Nara, Nikko and 
Kamakura in Japan, as well as the glittering 
temples and palaces of Bangkok, the metropolis 
of Singapore, the fabled island of Bali, and the 
unforgettable beauty of Hong Kong. Optional 
visits to the ancient temples of Jogjakarta in 
Java and the art treasures in the Palace Museum 
of Taipei. Total cost is $2395 from California 
with special rates from other points. Departures 
in March, April, May, June, July, September, 
October and November, 1976 (extra air fare for 
departures July through October). 


MOGHUL ADVENTURE 

29 DAYS $2350 

An unusual opportunity to view the magnif¬ 
icent attractions of India and the splendors of 
ancient Persia, together with the once- 
forbidden Kingdom of Nepal. Visiting Delhi, 
Kashmir (Bombay during January through 
March), Banaras, Khajuraho, Agra, Jaipur and 
Udaipur in India, the fascinating city of 
Kathmandu in Nepal, and Teheran, Isfahan and 
the palaces of Darius and Xerxes at Persepolis 
in Iran. Total cost is $2350 from New York. 
Departures in January, February, March, 
August, September, October and November, 
1976. 


THE SOUTH PACIFIC 

29 DAYS $2825 

An exceptional tour of Australia and New 
Zealand, from Maori villages, boiling geysers, 
ski plane flights and jet boat rides to sheep 
ranches, penguins, the real Australian 
“Outback,” and the Great Barrier Reef. Visiting 
Auckland, the “Glowworm Grotto” at 
Waitomo, Rotorua, Mt. Cook, Queenstown, Te 
Anau, Milford Sound and Christchurch in New 


Zealand and Canberra, Melbourne, Alice 
Springs, Cairns and Sydney in Australia, with 
optional visits to Fiji and Tahiti. Total cost is 
$2825 from California. Departures in January, 
February, March, April, June, July, September, 
October and November 1976. 

EAST AFRICA 

23 DAYS $2165 

The excitement of Africa’s wildlife and the 
magnificence of the African landscape in an 
unforgettable luxury safari. Visiting Lake 
Naivasha, Lake Nakuru, Samburu Reserve, 
Treetops (Aberdare National Park), Masai-Mara 
Reserve, the Serengeti Plains, Ngorongoro 
Crater, Nairobi and Mombasa. Toti cost is 
$2165 from New York. Optional visits are avail¬ 
able to the Amboseli and Tsavo National Parks, 
the Victoria Falls, on the mighty Zambezi River 
between Zambia and Rhodesia, to Zanzibar, 
and to the historic attractions of Ethiopia. 
Departures in January, February, March, May, 
June, July, August, September, October, 
November and December 1976. 

MEDITERRANEAN 

ODYSSEY 

22 DAYS $1745 

A unique and highly unusual tour offering a 
wealth of treasures in the re^on of the Mediter¬ 
ranean: Tunisia, with the ruins of Carthage and 
many other Roman cities as well as lovely 
beaches, historic Arab towns and desert oases; 
the beautiful Dalmatian Coast of Yugoslavia, 
with its fascinating and medieval cities; and the 
17th and 18th century splendor of Malta. 
Visiting Tunis, Carthage, Dougga, Sousse, 
Monastir, El Djem, Gabes, Djerba, Tozeur, 
Sbeitia, Kairouan and Thuburbo Majus in 
Tunisia; Split, Trogir, Sarajevo and Dubrovnik on 
the Dalmatian Coast of Yugoslavia, and Valletta 
and Mdina in Malta. Total cost is $1745 from 
New York. Departures in March, April, May, 
June, July, September and October, 1976 (addi¬ 
tional air fare for departures in June and July). 

« • • 

Rates include Jet Air, Deluxe 
Hotels, Most Meals, Sightseeing, 
Transfers, Tips and Taxes. 

Individual brochures on each tour 
are available, setting forth the 
detailed itinerary, departure dates, 
hotels used, and other relevant 
information. Departure dates for 
1977 are also available. 

For Full Details Contact: 

ALUMNI FLIGHTS ABROAD 
White Plains Plaza 
One North Broadway 
White Plains, N.Y. 10601 
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First Line 


The Cover 

Though to the casual observer our nearest 
star may seem a constant, steadfast source 
of light and heat, it is in fact a turbulent, 
seething nuclear reactor whose behavior is 
as yet little understood. The cover photo¬ 
graph is one of some 183,000 photo¬ 
graphic exposures of the sun made by 
solar telescopes on Skylab during 1973. It 
shows a remarkable eruption of relatively 
dense low-temperature material from the 
sun into the overlying corona — one of 
many hundreds of solar phenomena 
hardly known to exist before Skylab, a 
product of forces which remain essentially 
mysterious. 

On the scale of the photograph as re¬ 
produced on our cover, the earth would 
appear as a speck no larger than the head 
of a pin. 

Next Month: Offshore Oil 
What fruits and dangers await us as ex¬ 
ploration begins off the U.S. east coast for 
oil on the outercontinental shelves? To 
this question will be devoted our entire 
major editorial content in the February 
issue: how much oil there may be, what 
will be its impact on the U.S. economy 
and the world oil market, and what is its 
potential for ecological hazard. 



Letters 


How’s That Again? 

In the July/August issue of the Review are 
two articles bordering on science fiction. 
“Is There an Airship in Your Future?” by 
Joseph F. Vittek, Jr. (pp. 22-29) plays 
down the two major reasons that large 
airships are impractical and dangerous: 

1. The impossibility of sufficient struc¬ 
tural strength to withstand violent 
weather together with the necessary light 
weight. 

2. The well-nigh insoluble problems in¬ 
volved in handling and storage on the 
ground. 

The author mentions only the 13 pay¬ 
ing passengers lost in the Hindenberg dis¬ 
aster. The actual toll was 36. Over 200 
were lost in crashes due to structural fail¬ 
ure of five of the latest and largest post- 
World War I airships. Most of these 
crashed in less than a year after launching. 
This accident record indicates airship 
travel to have been one of the most 
dangerous methods yet devised by man. I 
quote without comment Dr. Vittek’s 
statement regarding the many airships lost 
in weather-related crashes: “In almost 
every case the design was more than able 
to survive anticipated weather — the 
problem was that the weather encoun¬ 
tered was much worse than anticipated.” 

Timothy M. Barrows’ “Suspension 
Concepts for High-Speed Ground Trans¬ 
portation” {pp. .iO-41) stretches one’s 
credibility, as well. The well-nigh prohibi¬ 
tive costs of the suggested guideways is 
passed off with the suggestion that 
“capital-intensive” systems are now the 
order of the day. But one look at the 
guideways suggested shows them to be 
useless in climates where snow, ice, or 
heavy rain occur, and many of them ap¬ 
pear to invite serious accidents from any¬ 
thing falling into the guideway. I suggest 
that Dr. Barrows return to his drawing 
board to invent the steel rail and wheel, 
the most economical and reliable all- 
weather system of travel yet devised. 

C. F. Taylor 
Cambridge, Mass. 

Dr. Taylor is Professor of Automotive 
Engineering, Emeritus at M.I.T. 

Displaced Miners 

Re: “The Transition to Coal” {Octoberl 
November, pp. 18-29). The principal costs 
of producing electric energy at any electric 
utility power plant are capital amortiza¬ 
tion and fuel. The combination of a 13 per 
cent amortization rate and a 60 per cent 
load factor gives a capital cost of approx¬ 
imately .2.5 cents per kwh. for each SI00 
per kw. plant capacity. Current plant 
costs approximate $400 per kw. for 
coal-fired plants and S800 per kw. for 
light-water nuclear plants, thus giving one 
and two cents per kwh. capital costs, re¬ 
spectively. 


The current cost of uranium approxi¬ 
mates 25 cents per million B.t.u. The con¬ 
version of B.t.u. to kwh. occurs at ap¬ 
proximately 32.5 per cent efficiency, thus 
requiring 10,500 B.t.u. per kwh. or a 
fuel cost of approximately .25 cents per 
kwh. The total plant energy generating 
cost is 2.25 cents per kwh. for uranium- 
fired light-water plants. 

In order to compete, coal-fired plants 
with one cent per kwh. capital cost must 
hold fuel cost to 1.25 cents per kwh. An 
efficient coal-fired plant expends approx¬ 
imately 9,000 B.t.u. per kwh. produced. 
Therefore, using coal with 27 million 
B.t.u. per ton of thermal content, the coal 
cost must not exceed $37.50 per ton in 
order to be competitive. 

Obviously, with coal costs being driven 
up into the $100-per-ton area by wage 
demands, we may expect an accelerated 
coal plant displacement by nuclear plants 
with subsequent reduction of over 50 per 
cent in our coal demand. 

Raymond Mancha 
Winter Park, Fla. 

A Question $olvcd 

The basic premise of “$ome Unsolved 
Puzzles of Chlorinated Hydrocarbons” 
{February, p. /.I) is true: there is much wc 
don’t know, and we poorly understand 
what we do know. But there is a rather 
glaring error in the discussion of sediment 
sequestering and equilibriums. Dr. Nisbet 
states that “recent measurements in the 
Great Lakes suggest. . . concentrations of 
pesticides and pcbs have remained high 
and there seems to be a rough equilibrium 
between levels in sediments, water, and 
biota.” The inference is that levels are re¬ 
maining high even though the inputs have 
been eliminated. 

Yet, following the ban of ddt in the 
Lake Michigan watershed in 1969-70, the 
levels of DDT and its metabolites declined 
drastically in samples of fish from the 
lake. It is true that pcbs and dieldrin have 
remained high in Lake Michigan fishes, 
but it is also apparent that the sources of 
these materials to the lake have not been 
eliminated. Further evidence that levels of 
contaminants in the biota (fish) of the 
Great Lakes will decline following elimi¬ 
nation of sources is the rapid decline of 
mercury residues in fish from Lake $t. 
Clair after the reduction of mercury in¬ 
puts in the area in 1970. 

I believe that permanent sequestering in 
the sediments is the primary mechanism 
by which the Great Lakes cleanse them¬ 
selves following the control of contami¬ 
nant inputs such as ddt. And 1 think 
much more is known about the fate of 
“chlorinated hydrocarbons” in aquatic 
systems than was inferred in the article. 
Wayne A. Willford 
Ann Arbor, Mich. 

Mr. Willford is Chief, Section of Physiol¬ 
ogy and Contaminant Chemistry at the 
Great Lakes Fishery Laboratory, U.S. 
Fish and Wildlife Service. 
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Inflation 
and the 
Social 
Contract 


Our inability to achieve full employment 
without inflation is one of the most dis¬ 
tressing failures of economic theory and 
practice in the past generation. Inflation is 
a world disease. In the last 30 years, no 
country has been exempt — not even the 
centrally-planned economies — with the 
possible exception of mainland China. A 
constant rate of inflation of, say, under 
five per cent per annum is easy to tolerate. 
It amounts to little more than a small tax 
on idle money, and to some extent on 
pensions and bonds, though they may es¬ 
cape as nominal interest rates rise to com¬ 
pensate, and as social security payments, 
for example, are adjusted upwards. A 
steady 10 per cent inflation is profoundly 
uncomfortable, and 20 per cent is disrupt¬ 
ing. So accelerating inflation, such as most 
developed countries have experienced in 
the last two or three years, is unaccept¬ 
able. If it continues for very long, it will 
lead to serious economic breakdown and 
even to hyperinflation as in 1923 Ger¬ 
many and 1946 Hungary. 

Unemployment, Inflation, or... 

The mild inflation that the U.S. has en¬ 
joyed (and I use the word advisedly) in the 
past 30 years is accelerating to an uncom¬ 
fortable level. Canada and many Euro¬ 
pean countries are in even worse shape. 
Why has this happened? We may blame 
the oil monopoly for some of it. The price 
of wheat rose about as much as the price 
of oil, which eased the United States’ bal¬ 
ance of payments problem but did little to 
allay world inflation. 

The real trouble lies much deeper. In 
the 19th and early 20th centuries, a long- 
run stability in prices was achieved, 
but at the cost of large, 60-year 
fluctuations, long deflations and unem¬ 
ployment, and missed opportunities for 
growth. This occurred chiefly because of 
the inflexibility in the money supply im¬ 
posed by the gold, and, to a lesser extent, 
the silver standards. Since 1945, inspired 
partly by the success of Keynesian doc¬ 
trines, no nation has been willing to pay 
that cost for price stability. When there is 
a choice between unemployment and 
inflation, we always seem to choose 
inflation. That decision is probably 


reasonable when the rate of inflation is 
low and stable. When the rate becomes 
high and accelerating, the cost of price in¬ 
stability rises. We then come to a point at 
which all alternatives seem very expen¬ 
sive, and a desperate search for a viable 
policy is in order. We are alarmingly close 
to that point now. 

To find this policy of full employment 
without unacceptable inflation, we must 
understand the sources of the dilemma. 
Inflation is not merely the result of 
monopoly power, either of labor unions 
or of corporations, for inflationary pres¬ 
sure sometimes originates in the organized 
competitive commodity markets. It is not 
merely the result of increase in the money 
supply, due either to government cash 
deficits or expanding bank loans, though 
this is an almost essential part of the 
mechanism. Expansion of the money sup¬ 
ply may be the inevitable response to a 
previous spontaneous increase in 
money-wages and prices. Further, unem¬ 
ployment — so often inspiring 
inflationary measures — is in part struc¬ 
tural, caused by a legal minimum wage, or 
lack of skills, or a failure of specific types 
of labor by age, sex, culture, or skill to 
match types of demand for labor. Mone¬ 
tary expansion will not diminish struc¬ 
tural unemployment. One suspects that 
part of our problem today is that struc¬ 
tural unemployment has been increasing, 
perhaps because of increasing legal inter¬ 
vention in labor markets. 

Balking at Belt-Tightening 

Moving still deeper, one sees the sheer 
psychological difficulty of reducing any 
money-wages or prices where this is per¬ 
ceived as being done by an employer or a 
purchaser rather than by an impersonal 
market. If no money-wage or price can be 
lowered, however, the only way in which 
relative prices and wages can be changed 
— a constant necessity in an age of rapid 
relative technological change — is by rais¬ 
ing some money-wages and prices and 
stabilizing the rest, which means overall 
inflation. TTiis may be a more important 
factor in long-run inflation than the actual 
exercise of monopoly power. Indeed, in 
wartime inflation or any inflation 


Technology/Society 

by 

Kenneth E. Boulding 


originating in governn\ent cash deficits, 
collective bargaining has often held wages 
and prices down simply because of the 
time and palaver involved in such bargain¬ 
ing. During World War II in the United 
States, union wages doubled and non¬ 
union wages roughly quadrupled! But if 
nothing can be lowered, everything must 
rise. 

A Phony Bargain 

At a still more fundamental level, the 
price-wage structure represents an im¬ 
plicit social contract to divide the availa¬ 
ble product. If everybody wants more 
than his share, the only course is to in¬ 
crease the dollar value of the product by 
inflation. This produces a dynamic jockey¬ 
ing as first one group and then another gets 
the initial but soon eroded benefits of a 
rise in money-wages or in the price of 
their product. In this the poor, the women, 
the young, the minorities, and the aged 
are apt to lose out, and the implicit social 
contracT is reestablished at the expense of 
the weak. Collective bargaining is partly 
to blame here, simply because it is so often 
a phony bargain. What labor, for in¬ 
stance, gains in wages is not at the em¬ 
ployer-bargainer’s expense, but at the ex¬ 
pense of those who must pay a higher 
price for the product, and who are not at 
the bargaining table. Collective bargain¬ 
ing, with all its contributions to industrial 
jurisprudence, is also a system of taxation 
without representation, and its institu¬ 
tions need re-examining in the light of this 
serious defect. 

Government deficits can also be re¬ 
garded as a breakdown in the social con¬ 
tract, insofar as they imply that we are not 
willing to suffer the reduction of con¬ 
sumption through taxation which would 
compensate for the increase through gov¬ 
ernment expenditure. This again means 
we all want more than there is — and 
inflation is the fudge that gives a phony 
increase. 

Kenneth E. Boulding is Professor of 
Economics and Director of the Institute 
of Behavioral Science at the University of 
Colorado. 
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Quarantining 

Plutonium 


National Report 
by 

David F. Salisbury 



The large truck looked quite ordinary. 

But this particular truck was specially- 
outfitted by Sandia Laboratories of Albu¬ 
querque, N.M., to transport strategic 
nuclear materials — the stuff of which 
atomic bombs are made. 

Sandia has for many years designed 
security systems for nuclear weapons. 
Since 1973, it has received increasing 
amounts of government money to apply 
this experience to the problems of trans¬ 
porting fissionable materials in the nuclear 
energy industry. 

The International Atomic Energy 
Agency (l.A.E.A.) estimates that by the 
year 2000, enough plutonium will be 
created in commercial nuclear reactors 
each year to make 100,000 atomic 
bombs. Although this figure may be too 
large, it does suggest the vast amount of 
strategic nuclear materials that nations 
and people must guard and handle. All 
this plutonium must be protected some¬ 
how from unstable national leaders and 
kept out of the hands of would-be nuclear 
terrorists. (Rumor has it that Libya is in 
the market for a nuclear bomb.) 

A Super-Truck for Super-Cargo 

Sandia’s safeguard truck is one important 
piece in the jigsaw puzzle of a tight se¬ 
curity system slowly being pieced together 
in the U.S. According to Dr. Theodore 
Taylor, the nuclear weapons expert who 
has emerged as the best informed of the 
crusaders for tighter safeguards, the most 
vulnerable link in the security system is 
transportation. 

Th is truck’s special virtues were de¬ 
scribed to me recently by Robert Reed, 
staff member of Sandia’s Transportation 
Division; 

— Walls of its cargo bay are built of a 
classified, penetration-resistant material. 

— Cargo doors are multiple-leafed and 
designed so they cannot be removed even 
if the outside hinges are cut. 

— Inside the armored car is an electronic 
lock which takes four hours to pick; it has 
a million combinations. The driver does 
not know the combination for his own 
safety. 

— The driver can pull a panic lever. Once 
he does, and the truck slows down below 


a certain speed, the wheels lock perma¬ 
nently: no driving the truck to some se¬ 
cluded spot where the thieves can work in 
peace. At the same time, the truck’s radio 
begins to broadcast a special alarm signal. 
— If the attackers should manage to 
break into the cargo compartment, more 
surprises await them. An automatic se¬ 
curity system fills the compartment with a 
fast-setting plastic foam and releases a 


powerful anti-personnel gas. 

Foam may not seem a substantial bar¬ 
rier, but Sandia has film clips of a U.S. 
Army ordinance team attempting to break 
into an underground igloo filled with a 
mixture of foam and bedsprings. Al¬ 
though the energetic soldiers tried chain¬ 
saws, blow torches, scoop loaders, and 
high explosives, they penetrated only 14 
feet in 14 hours. Even with the explosives. 
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their fastest progress was two feet an 
hour. 

Nonetheless, a barrier is not enough; a 
reliable communications system is also 
necessary. Sandia has been working in this 
area, as well, but its progress has not been 
dramatic. Today drivers carrying nuclear 
materials call in their position and status 
every half-hour by radiotelephone. At¬ 
mospheric conditions periodically inter¬ 
fere, and the control center can handle less 
than ten shipments at a time. 

Now a digital system of Sandia’s design 
is being installed. It will allow the Energy 
Research and Development Administra¬ 
tion (E.R.D.A.) to keep track of over 100 
shipments at once. According to James P. 
Martin of Sandia, field tests indicate that 
the system will also reduce the number of 
times the driver fails to contact the control 
center on the first try to about four per 
cent. 

A number of safeguards experts would 
like to see the control center in constant 
touch with each shipment through an au¬ 
tomatic broadcast of each truck’s position 
and status relayed by satellite. Such a sys¬ 
tem can be built, says Mr. Martin. 

Satellite communications have the 
added potential of an international net¬ 
work to monitor plutonium shipments 
worldwide — even aboard ship. Although 
there are many political obstacles to such 
a network, there is at least one induce¬ 
ment: the vital importance to all nuclear 
nations of guarding fissionable materials. 

Making the Terrorist’s Life Difficuit 

Because only a few kilograms of 
plutonium or highly-enriched uranium are 
sufficient for a crude atomic bomb, they 
are easily transported clandestinely. Ma¬ 
terial stolen in one place can be detonated 
on the other side of the globe. In terms of 
potential damage, the highly-centralized 
industrial nations are the most vulnerable. 
A crude bomb set off in the World Trade 
Center would probably kill 100,000 peo¬ 
ple, Dr. Taylor has calculated. But the so¬ 
cial effects of nuclear terrorism will be 
global. No nation is secure. 

Safeguarding fixed sites where 
plutonium is kept, such as fuel fabrication 
or reprocessing plants, is easier than 


guarding shipments. Doorway and room 
monitors exist that can detect down to 
half a gram of plutonium. Bank-type 
vaults or massive storage tanks can be 
constructed for fissionable material. Vari¬ 
ous surveillance and barrier systems can 
be installed. 

In addition to physical security mea¬ 
sures, there are other ways to obstruct a 
terrorist’s activities. One widely discussed 
method is to “spike” plutonium with a 
highly radioactive material, and so make 
it deadly to handle. This course has been 
proposed by so eminent a supporter of 
nuclear energy as Nobel laureate Hans 
Bethe. To fabricate a bomb from “spiked” 
plutonium, one would need elaborate re¬ 
mote processing equipment. 

Unfortunately, work done by Dr. 
Taylor, an industry investigation spon¬ 
sored by the Atomic Industrial Forum, 
and a study done for the Nuclear Reg¬ 
ulatory Commission (not yet released) all 
conclude that there is no perfect spiking 
agent. Some candidates would force a 
major overhaul of fuel cycle processing 
steps. Other radionuclides are not availa¬ 
ble in large enough quantities. Inducing 
radioactivity in the plutonium it-self does 
not appear to be technically feasible. 

The industry has suggested yet another 
dodge: before shipping the plutonium 
from the fuel reprocessing plant, dilute it 
with low-enriched uranium. Both 
uranium and plutonium are separated at 
the plant from highly radioaaive spent 
fuel. A mixed blend containing 20 per 
cent plutonium oxide would be substan¬ 
tially more difficult for terrorists to use 
than straight plutonium. Further, such a 
safeguard would not require major altera¬ 
tions in techniques developed for mixing 
plutonium back into new reactor fuel. 

Alarming Response 

After discussions with several safeguards 
experts, the conclusion is inescapable that 
hardware exists or can be easily de¬ 
veloped to make stealing nuclear materi¬ 
als more difficult than it is today. The 
hard problems lie in the institutions sur¬ 
rounding any safeguard system. 

In 1972, the General Accounting Office 
of Congress investigated security at a 


number of commercial nuclear facilities. 
At one plant, a security guard called the 
local police every hour to assure them that 
all was well. A test of this arrangement 
produced a disquieting reaction. When 
the hourly call failed to come in, a squad 
car was promptly dispatched but went to 
the wrong plant, 14 miles away. 

The vagaries of human nature, the 
difficulty that local law enforcers would 
encounter in dealing with armed ter¬ 
rorists, and the industries’ reluctance to 
arm their guards have sparked proposals 
to establish a national police force 
charged with guarding nuclear materials. 
Such a force is viewed with alarm by some 
people who fear an embryonic Gestapo. 

An alternative is industrial liaison with 
the military. Facilities having large inven¬ 
tories of plutonium could be located near 
military bases, with soldiers at the ready 
in case of a theft. Current procedure re¬ 
quires the governor to formally request 
military assistance from the President, 
who must agree. Perhaps channels may be 
opened to speed the procedure, but such a 
course might be politically impractical. 

Methods for responding to a terrorist 
attack are perhaps most cogently or¬ 
ganized witbin the general theory of a 
“widening circle of response.” Fences, 
double-locked doors, vaults, and foam 
delay attackers as long as possible. Alarms 
instantly alert forces outside the plant. 
First to arrive at the scene are the local 
pualice, who attempt to interfere with the 
terrorists’ activities as much as possible. 
State police soon reinforce them. Failing 
these measures, the military or some other 
special force are called in. Response con¬ 
tinues to escalate until the criminals are 
captured. 

Once such a system is established, it 
will be possible to counter almost any size 
terrorist group — at least theoretically. 
Only one problem will remain: how to 
keep the system working smoothly for a 
century or so. 

David F. Salisbury is Science Editor for 
the Christian Science Monitor and a reg¬ 
ular contributor to Technology Review. 
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E.R.D.A. on Energy: 

A Plan Without a Policy 


Washington Report 
by 

Colin Norman 


When the O.P.E.C. countries cut off oil 
supplies to the United States two years 
ago, the reaction in Washington was 
nothing if not predictable. The besieged 
Mr. Nixon, after astounding some of his 
advisers by announcing that American 
technology would ensure energy indepen¬ 
dence by 1980, launched a series of pres¬ 
idential statements and bureaucratic 
changes designed to suggest that he had 
everything under control. Ten billion 
dollars spent over five years on an Apollo- 
style effort, and all would be well. 

The political discussions and verbal his¬ 
trionics which have been going on ever 
since have been no less predictable. Brick¬ 
bats have been flying from one end of 
Pennsylvania Avenue to the other, enough 
reports and analyses have issued from 
federal agencies to fuel a few furnaces, 
and Congress and the White House have 
argued for two years over whether to de¬ 
control oil and gas prices. In the mean¬ 
time, oil imports continue to rise, and the 
nation is more vulnerable to an oil em¬ 
bargo now than it was in October, 1973. 

In the midst of this utter confusion and 
political hyperbole, a few promising de¬ 
velopments have taken place. Perhaps the 
most important is the amalgamation 
nearly a year ago of the hodgepodge of 
federal energy research and development 
projects into the Energy Research and 
Development Administration (E.R.D.A.). 
Here at last was the basis for a coherent 
national policy on energy research and 
development. 



But according to a critique compiled by 
the Office of Technology Assessment 
(O.T.A.), E.R.D.A. has not gotten off to a 
very auspicious start. In a report prepared 
for three Congressional committees, 
O.T.A. — like E.R.D.A., a fledgling in¬ 
stitution intent on proving itself — has 
raised some criticisms of E.R.D.A.’s plans 
and policies which cut deep into the 
philosophy of the federal government’s 
approach to achieving energy self- 
sufficiency. 

Stinging Criticisms 

The target of O.T.A.’s criticisms is a plan 
published by E.R.D.A. last summer 
which sets out the agency’s goals, and a 
second volume which details the pro¬ 
grams through which E.R.D.A. hopes to 
achieve those goals. The plan will be up¬ 
dated every year and republished along 
with the President’s budget requests; it 
will form the basis of E.R.D.A.’s opera¬ 
tions. 

O.T.A.’s analysis was performed by six 
panels of experts drawn from universities, 
industry, and nonprofit institutions, and 
coordinated by a high-level O.T.A. staff 
unit. The study should help to establish 
O.T.A.’s reputation, which has been 
somewhat tarnished by criticisms that it 
was slow to get off the mark and that it 
has not made much impression in 
Washington. In E.R.D.A.’s defense, how¬ 
ever, it should be said that the plan was 
published less than six months after the 
agency was established, during which 
time E.R.D.A. was setting up shop and 
recruiting staff. Indeed, it is no small 
achievement that the plan was produced 
at all, and E.R.D.A. inevitably had little 
chance to make radical changes in the 
scope and direction of the programs it 
inherited. Nevertheless, O.T.A. is stinging 
in its criticisms, and its thorough analysis 
merits close attention. 

Increasing Energy Dependence 

Although O.T.A. acknowledges that the 
plan itself is a “significant milestone in the 
evolution of a long-term national policy,” 
it finds the programs E.R.D.A. supports 
do “not appiear adequate to achieve the 
stated goals.” In fact, the deficiencies, un¬ 


less remedied, “could impede the solution 
of short-term and mid-term energy prob¬ 
lems by the United States, which could 
lead to an increased dependence on 
foreign energy sources,” O.T.A. asserts. 

The reason why E.R.D.A.’s approach 
may fail, and in fact prove counterproduc¬ 
tive, according to O.T.A., is first that the 
agency perceives its role too narrowly, 
and second, that it has failed to pay 
sufficient attention to conservation. In 
short, O.T.A. faults E.R.D.A. for launch¬ 
ing a N.A.S.A.-style effort when a much 
broader approach is needed, suggesting 
that E.R.D.A.’s “narrow, hardware- 
oriented approach ... is designed to de¬ 
velop technologies rather than to explore 
solutions to national energy problems.” 

E.R.D.A. flatly states in its plan that its 
goal is to support technologies likely to 
increase domestic energy supplies, to open 
new choices, and to ensure some 
flexibility in future energy systems. Im¬ 
plicit in its approach is the idea that 
E.R.D.A. will produce technology, but 
that other energy policy matters are 
beyond its purview. 

As a consequence, O.T.A. asserts, 
“E.R.D.A.’s narrow approach to the na¬ 
tional energy policy goals might well 
fulfill a mission — developing new tech¬ 
nology — without providing an answer — 
a secure energy future. Unresolved ‘non¬ 
technical’ issues — from inadequate in¬ 
centives for commercialization, through 
environmental demands and competitive 
use of resources, to community resistance 
— could block the most sophisticated en¬ 
gineering achievement.” 

Too Many Cooks 

In a sense, therefore, O.T.A. is accusing 
E.R.D.A. of tackling the intellectually ex¬ 
citing problems of technological de¬ 
velopment, while neglecting development 
of more mundane technology and leaving 
the more difficult political problems aside. 
The question thus arises: who is, or 
should be, tackling such problems? 

Nominally, the Energy Resources 
Council, a top-level policy committee es¬ 
tablished by President Ford in his early 
days in the White House, is responsible 
{Continued on p. 66) 
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Balancing 
the Costs 
of Cancer 


Regulation of cancer-causing pesticides 
has been simple in one sense. Effective al¬ 
ternative chemicals were available for all 
the major uses of the pesticides called into 
question, making it possible to eliminate 
them without loss of major benefits. 
The only substantial loss was a small cost 
differential between the carcinogenic 
chemicals and their substitutes. For ex¬ 
ample, the principal economic effect of 
dot’s cancellation was a small increase in 
the price of cotton — recently estimated 
as an average net cost of about two cents 
per person a year. In this classic example, 
cotton farmers accepted some of their own 
environmental costs. The process is, of 
course, highly painful to the manufac¬ 
turers and distributors of the banned 
products, but their loss is more than offset 
by the gains accruing to the manufacturers 
and distributors of substitute products. 

The situation is very different, however, 
when we identify a cancer-causing sub¬ 
stance that provides major social benefits, 
and for which there is no feasible substi¬ 
tute. We have faced this dilemma for years 
in the case of asbestos, which causes lung 
cancer in occupationally-exposed work¬ 
ers. Asbestos is widespread in our envi¬ 
ronment. Its fibers appear in the air, in 
drinking water, in food, in beverages, and 
in human tissues. Yet asbestos has unique 
value as an insulating material. Even if we 
imposed stringent restrictions on its uses 


and release, its use in the past would en¬ 
sure its presence in the environment as 
old products are scrapped and old build¬ 
ings demolished. We should also weigh 
these questions in the case of plutonium, 
perhaps the most potent known car¬ 
cinogen, capable of causing cancer in man 
in microgram doses. As our society be¬ 
comes dependent on plutonium as a 
source of power, we must consider the vir¬ 
tual inevitability that significant quantities 
will be released into the environment, 
either by accident or design. 

A Risk of Life or Prosperity 

The issues have been posed most clearly 
by the case of vinyl chloride. Vinyl chlo¬ 
ride, the raw material for polyvinyl chlo¬ 
ride (Pvc) plastics, has expanded in im¬ 
portance until its manufacture and use 
account, by one estimate, for about one 
per cent of the G.N.P. Now that it is al¬ 
most too late to relinquish our depen¬ 
dence, we learn that vinyl chloride is 
hazardous: it is linked unequivocally to a 
rare form of liver cancer in exposed 
workers. 

Vinyl chloride is vyidespread in the 
environment. Prior to the discovery of 
its hazards, an estimated 100 million 
pounds a year were lost to the environ¬ 
ment during manufacture (two per cent of 
the U.S. output of 5 billion pounds) and a 
further 40 to 50 million pounds were re¬ 


leased through deliberate dispersive uses. 
Although the most hazardous of these 
dispersive uses — as a propellant in 
aerosol spray cans — was banned in 
1974, and although attempts are being 
made to reduce manufacturing losses, 
human exposure continues. Vinyl chloride 
is widespread in air and water at levels 
rpeasurable in parts per trillion or parts 
per billion. Perhaps the most serious prob¬ 
lem is that trace quantities of un¬ 
polymerized vinyl chloride are found in 
PVC and gradually escape, both into the 
air and into products (including food and 
other consumer goods such as cosmetics) 
sold in PVC packaging. 

Although exposure of the general popu¬ 
lation is much less intense than exposure 
of the workers whose cancers gave the 
warning signal, we should not be compla¬ 
cent. Wf know already that nonoccupa- 
tional exposure can be hazardous, since 
cases of the rare liver cancer have been 
reported in people living near manufactur¬ 
ing plants. One of the few well established 
facts about chemical carcinogenesis is the 
inverse relationship between latent period 
and rate of exposure to a carcinogen. 
Hence, if exposure of the general public to 
micrograms of vinyl chloride initiates 
cancers, these will not show up within the 
ten years required to demonstrate effects 
in workers. Without knowing the exact 
relationship betw'een time and amount of 
exposure, we cannot predict whether to 
expect effects in 30 or in 300 years. There 
is no scientific method to assess quantita¬ 
tively the risk to the general population, 
short of waiting for a lifetime and measur¬ 
ing the effect, as we have done with 
cigarette smoking. 

Acceptable Exposure? 

Faced with a situation in which a major 
technology is built upon a chemical that 
proves to be a cancer hazard, society has 
few options. Even if we had the power to 
do so, it would not be clearly beneficial to 
ban or phase out the use of pvc plastics: 
they would be replaced by other materials 
which may pose equal or greater hazards. 
Already, we suspect that at least one other 
monomer used in plastic manufacture is a 
carcinogen. Nor would it necessarily 
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make sense to end the “Plastic Age” and 
revert to using traditional materials: 
wood, leather, and glass pose their own 
hazards, both to the artisan and to the 
consumer. 

Unfortunately, the course we have cho¬ 
sen is not much more rational. We are 
seeking by regulation to set “acceptable” 
standards for exposure to vinyl chloride 
without any objective means to determine 
the magnitude of the risks. How, then, 
can we intelligently weigh the benefits? 
We are seeking to minimize risks by con¬ 
trolling effluents, limiting occupational 
exposures, and regricting uses of pvc 
which lead to major human exposures 
(such as food packaging). All these meas¬ 
ures impose costs on the manufacturers — 
another example of internalization of 
costs. However, the costs are very small 
compared to the potential risks; they fall 
far short of the damage that might be im¬ 
posed on society if the “worst-case” esti¬ 
mates of risk prove correct. 

A Dangerous Double Standard 

By choosing continued exposure to the 
hazardous product at levels judged “ac¬ 
ceptable,” we imply at least two social 
judgments. However stringent the precau¬ 
tions to minimize exposure, workers in 
the industry will continue to be exposed 
to much higher doses of vinyl chloride 
than the general population. Although 
federal law requires stria regulation of 
occupational exposure to carcinogens, the 
standards set by the Occupational Safety 
and Health Administration for asbestos, 
for example, are not encouraging. Indeed, 
the proposed standard for vinyl chloride 
offers little or no assurance of safety. 
Whether one accepts speculations that 
regulated use of vinyl chloride will pose a 
negligible hazard to the general public, 
there is certainly no promise of safety for 
the workers. The moral implications of 
this double safety standard deserve some 
thought. 

Of course, it can be argued that all oc¬ 
cupations pose dangers, and that many 
workers in the chemical industry are 
aware of and accept the risk of cancer as 
one of many occupational hazards. It can 
be argued further that cancer is not clearly 
worse than some other occupationally- 
induced diseases, such as “black lung.” In 
comparison with other occupational 
hazards, chemical carcinogenesis has at¬ 
tracted unusually stringent regulations. 
But this does not necessarily mean that 
carcinogens are over-regulated: rather, we 
must conclude that other occupational 
hazards are under-regulated. Perhaps 
other industries should be paying their full 
costs. 

Ian C. T. Nisbet, who writes regularly for 
Technology Review, is Associate Director 
of the Scientific Staff of Massachusetts 
Audubon Society; he is a graduate of 
Cambridge University, England, in 
physics (Ph.D. 1958). 
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Keeping 
Engineering 
within Budget 


Everyone knows that today’s high tech¬ 
nology, such as spacecraft and electronic 
systems, is subject to cost overruns. We 
are often dismayed to find our funds at an 
end before our project is completed. The 
public blames the cost overrun on any¬ 
thing from incompetence to the venality 
of the “military-industrial complex,” and 
remembers with nostalgia a mythical past 
when budgets were perfectly predictable. 

Yet a look at an earlier era of burgeon¬ 
ing technology — the civil engineering 
boom of the 19th century — suggests 
that cost overruns may be endemic to 
technological innovation. The engineers 
of that century provided the western 
world with clean drinking water, sewage 
disposal, and the machinery that re¬ 
placed so much manual labor. They made 
farmers of peasants by providing inexpen¬ 
sive transportation to urban markets. 

How much did these civil engineering 
works cost, and how accurately were their 
costs predicted? A look at a few repre¬ 
sentative projects should demonstrate that 
the pioneers in new technology had the 
same problems as their 20th century 
successors. 

New Technology at a Price 

Sometimes an economical solution to a 
problem requires the invention of new 
technology. The Hoosac Tunnel, near 
North Adams, Mass., is a case in point. 
Loammi Baldwin, an American engineer, 
conducted the first surveys in 1825 and 
estimated the cost of the railroad tunnel, 
nearly five miles long, at $370,000. Work 
started in 1850, but the builders encoun¬ 
tered a discouraging series of technical 
obstacles — primarily hard rock and 
flooding. The tunnel was re-estimated in 
1854 at $2 million and again in 1858 at 
$3.9 million. Only in 1874, after the in¬ 
troduction of the compressed-air drill, ni¬ 
troglycerin, and state aid, was the Hoosac 
Tunnel finished, at a total cost of $10 mil¬ 
lion. In the meantime, its construction 
greatly benefited all subsequent tunnels 
throughout the world, though largely at 
the expense of the Commonwealth of 
Massachusetts which in 1884 was still 
spending half its budget to pay off the 
bonds. 


Special Report 
^^yron Kayton 


Other examples of 19th century en¬ 
gineers’ inability to estimate the cost of 
new technology are the tunnels that were 
bored through the Alps to connect the rail 
and highway networks of France and 
Switzerland with those of Italy. The tun¬ 
nels were constructed 3,000 to 4,000 ft. 
above sea level, high enough so the length 
need not exceed 12 miles, yet low enough 
so heavy snow need not be cleared from 
the approaches in winter. Each tunnel typ¬ 
ically employed 4,000 men for 20 years, 
digging without benefit of intermediate 
vertical shafts. Workers’ villages had to be 
built and hydropower plants constructed 
at the portals to supply compressed air 
and, later, electricity to power machinery. 
The engineers had to deal with flooding, 
rock slides, and unexpectedly high subter¬ 
ranean temperatures. As a result of these 
unforeseen problems, all the tunnels were 
beset by bankruptcies and schedule slips. 
The first tunnel built, the Frejus-Mt. Cenis 
(opened 1871), overran by 130 per cent. 
As the technology of geological predic¬ 
tion, blasting, and removing loose rock 
improved, the overruns fell steadily there¬ 
after to 54 per cent on the St. Gotthard 
Tunnel (1882) and 13 per cent on the 
Simplon Tunnel (1906). 

The Eads Bridge spanning the Missis¬ 
sippi River at St. Louis is another example 
of price inflation associated with new 
technology. Construction started in 1868 
on a bridge to be built of three arches, 
each spanning 500 ft.; it was to be the first 
bridge in the w'orld to use steel. Caisson 
technologv' (necessary to build piers in the 
deep water of the river) barely existed. 
Many problems had to be solved, such as 
designing a sand pump to remove exca¬ 
vated material, means of lighting the cais¬ 
sons without the risk of fire and asphyx¬ 
iating smoke, and means of avoiding the 
“bends” (which first afflicted the workers 
on this bridge). The contract to erect the 
steelwork called for completion in 44 
days, but the steelwork was completed 
only after the bridge company extended 
the date one year. There were many 
changes in steel suppliers and fabricators 
in an attempt to procure steel bars of ac¬ 
ceptable quality. The Eads Bridge opened 
in 1874, at a cost ten times the $600,000 


first estimated 35 years earlier. It is still in 
use as a major railroad and highway 
bridge. 

Up, Up, and Away 

Inflation was, and continues to be, a 
chronic source of financial woe. The 
longer a project takes to finish, the more 
unpredictably does its cost rise due to 
inflation. Thus, at least part of the 12,000 
per cent overrun on the Erie Canal, con¬ 
structed during a 43-year period, must 
be due to the inflation associated with the 
War of 1812. The Caledonian Canal, be¬ 
gun in northern Scotland in 1802, overran 
170 per cent in the 20 years it took to 
build, and the overrun would have been 
larger had the depth of the canal not been 
reduced by one-third. Part of the overrun 
must have been caused by the inflation of 
the Napoleonic Wars. 

There are other equally dramatic ex¬ 
amples. One, the Cincinnati-Covington 
Bridge across the Ohio River, was the 
longest suspension bridge in the world 
when it opened in 1867. The first estimate 
— $150,000 — was made in 1845. Eleven 
years later the company formed to build 
the bridge proposed that it would take 
three to four years at a cost of $700,000, 
of which only $365,000 was raised. Work 
stopped in 1857 when funds were ex¬ 
hausted. Three years later, the total cost 
of completion was again projected, this 
time at $1 million. The bridge was finally 
finished at a cost of $1.2 million. Al¬ 
though its engineers had faced few new 
technical problems, they had been forced 
to ride out the financial panic of 1857 and 
the Civil War. 


Politics and Feathering the Nest 

History suggests that inexperience, politi¬ 
cal corruption, and mismanagement are 
obstacles to accurate cost estimation, 
though it is difficult for today’s observer 
to discern mismanagement in the dusty 
histories of most projects. The Erie Canal, 
for example, was first budgeted by local 
surveyors having no knowledge of the 
sophisticated canal-building techniques 
and experience of their European pred¬ 
ecessors. The low estimates were appar- 
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Cost overruns were as much a headache 
to the engineers of the 19th century as they 
are to engineers today. And unexpected 
requirements for new technology, then as 
now, are a common source of fiscal 
frustration. For instance, the Hoosac Tunnel 
{right) was begun in 1825 and might never 
have been completed — in 1874 — were it 
not for the invention of the compressed-air 
drill and nitroglycerin. Originally estimated 
at $370,000, its final price tag was $10 
million. (Engraving courtesy of the 
Bettmann Archive) 


ently also fostered by politicians who 
wanted to begin construction quickly and 
open western New York to commerce. 
Political mischief had a hand in building 
the Brooklyn Bridge, as well. Estimated in 
1868 to cost $7 million, the bridge opened 
in 1883 at a total cost of SI3 million, 
some of which enriched the coffers of 
members of the Board of Trustees who 
awarded materials contracts to their own 
companies. Another well-publicized case 
is the abortive digging of the Panama 
Canal by the French from 1880 to 1889. 
Its promoter, de Lesseps, was sentenced to 
prison for fraud as a result of tripled costs 
and charges of bribery. 

One present-day cause of overruns not 
often found in these early projects is the 
addition of new requirements after an es¬ 
timate has been made. Defense contracts 
used to be the best example. One of the 
newest examples is the necessity for a 
builder of a nuclear power plant to abide 
by government safety regulations adopted 
after a contract has been signed between a 
utility company and a manufacturer, leav¬ 
ing the buyer and seller to debate one 
another’s responsibility for the unforeseen 
costs. 

Who Pays? 

The cost of building a motor similar to 
thousands built in the past can be readily 
estimated. There are many competitive 
buyers and sellers, and the marketplace 
sets a selling price for the motor. But 
when we buy a one-of-a-kind item before 
it is built, selective shopping is impossible. 
The cost must be calculated either on the 
basis of past experience or by estimating 
the labor and materials for each activity 
required on the way to completion. 


Faced with technological unknowns, no 
accountant can create certainty. Encoun¬ 
tering unexpected quicksand inside a 
mountain must delay a tunnel and cost 
money. Imprecision is certain when the 
product contains new technology or when 
construction takes so long that we are ex¬ 
posed to inflation in our own costs and in 
those of our suppliers. Even in the world 
of handbook engineering, cost overruns 
still occur; the 1965 Mt. Blanc tunnel was 
completed at a cost of 60 per cent over the 
contracted estimate, and the 1973 
Eisenhower tunnel in Colorado cost 100 
per cent over the contracted estimate. 

We can conclude that cost overruns, 
always with us, are likely to remain 
troublesome on large and innovative pro- 
jerts. We must then consider the question, 
“Who should pay?” TTie businessman’s 
response can take either of two extreme 
forms: 

— The fixed-price contract, in which the 
contractor assumes the entire risk and is 
bankrupted if the uncertainty materi¬ 
alizes. 

— The cost-plus contract, in which the 
buyer assumes the risk. 

For the typical early projects we have 
summarized, the buyers used a fixed-price 
contract that placed the full burden of 
risks on the contractor, with no care for 
improving technology or for assuring the 
contractor’s solvency. Thus it is no sur¬ 
prise that bankruptcies plagued the early 
construction of canals, bridges, and tun¬ 
nels. 

After World War II, when rapid tech¬ 
nological advances were asked of the 
American aerospace industry, cost-plus 
contracts were first widely used. Competi¬ 
tion was based on the quality of design 


and the probable ability of management 
to control future costs. The buyer as¬ 
sumed all the risk and took title to 
newly developed technology which he 
disseminated throughout the industry 
(producing a “knowledge explosion”). 
Unfortunately, once the contract was 
awarded, the recipient sometimes had lit¬ 
tle incentive to keep costs down. 

If the buyer selects a fixed-price con¬ 
tract in the face of uncertainty, he may be 
paying for the largest risk his bidders can 
imagine. On the other hand, he may be 
saddled with a defaulting or poorly per¬ 
forming low bidder. The buyer’s alter¬ 
native, when he cannot himself estimate 
the size of a reasonable bid, is to assume 
part or all of the risk himself, using a 
cost-plus contract. 

Neither alternative is very satisfactory. 
Instead, I suggest that we seek arrange¬ 
ments whereby the financial risk.of a pro¬ 
ject is allocated among the parties that 
stand to benefit from its success. Where a 
new technology is sold only to the gov¬ 
ernment (for example, for defense) or 
where it augments the nation’s competi¬ 
tive position abroad, the taxpayer should 
accept the risk. Where a private company 
is likely to be the principal beneficiary, it 
should accept the risk. Implementation of 
this suggestion requires administrative 
machinery to determine the beneficiaries, 
but it is clearly the policy direction being 
followed today in the United States and 
western Europe. 

Myrow Kayton, whose Ph.D. in aeronaut¬ 
ics and astronautics (instrumentation) is 
from M.l.T. (1960) , is a Senior Staff En¬ 
gineer to the Manager of System Engineer¬ 
ing Operations at TRW Systems, Inc. 
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WEVE BEEN WORKING ON 
FQRTHE LAST lOOYEARS 
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And we’re still working on it. 

You see, the invention of the telephone didn’t stop with Alexander 
Graham Bell. It just started. 

Because the telephone is just the beginning of a telephone call. 
It’s part of an intricate network of a trillion parts and nearly 
a billion miles of circuits. 

To build this network, we at Bell Labs and Western 
Electric have long worked as a team with AT&T and your 
Bell telephone company. 

Asa result, America has the best telecommunications 
system in the world. 

And the world has the benefits of such Bell System 
innovations as the transistor, the coaxial cable and direct 
distance dialing. 

Working together, we’ve created entirely new communi¬ 
cation systems. Like our latest switching machine that can 
route 5^,000 calls an hour. 

At the same time, we’re constantly improving existing 
systems. Like tripling the capacity of our major microwave radio 
system in the last ten years. 

Even the standard telephone that you probably think never 
changes has had virtually every major part improved since 1972. 

In fact, we’ve made more than 2,500 improvements in your 
phone in the last twenty-five years. 

Not just to make it look different. But to make it work better. 

And to keep its cost down. 

Improvements like these don’t just happen. 

The Bell System invests more than $750 million a year 
in research and development. 

As an outgrowth, we receive an average of more than 
two patents every working day. And nearly half the things 
Western Electric will make this year didn’t even 
exist four years ago. 

In the next 10 years, we plan to 
expand the capacity of the telephone | 
network as much as we have in the ' 
past 100 years. 

To keep this network operating and 
growing takes the innovative teamwork 
of Bell Labs and Western Electric. 

The kind of innovative teamwork 
that makes us say: 1 

One Bell System. It works. , 


1 ■ 
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Rigs at Sea 

Energy Under the Oceans: A Technology 
Assessment of Outer Continental Shelf 
Oil and Gas Operations 
0. E. Kash, I. L. White, K. H. Bergey, 

M. A. C^hartock, M. D. Devine, R. L. 
Leonard, S. N. Salomon, H. W. Young 
Norman, Okla.: University of Oklahoma 
Press, 1973, xxii + 378 pp., $4.50 paper 

North Sea Oil and Gas: Implications for 
Future United States Development 
I. L. White, D. E. Kash, M. A. Chartock, 
M. D. Levine, R. L. Leonard 
Norman, Okla.: University of Oklahoma 
Press, 1973, xiii + 176 pp., $2.95 paper 


Reviewed by J. Paul Walsh 

Late this spring, the New York Times 
quoted Rep. A1 Ullman (D.-Ore.) as say¬ 
ing that the United States is sliding quietly 
into an “invisible crisis,” noting a .35 per 
cent increase in oil imports during the first 
three months of this year — a winter of 
mild weather and deep business recession. 
A little later, the Shah of Iran warned that 
oil prices would rise in the autumn. And 
at the same time. President Ford said, 
“Our American economy runs on energy. 
No energy, no jobs. In the long run it is 
just that simple.” To further complicate 
this picture, domestic oil production has 
been decreasing for the past three years. 

These books were written before the 
Arab states embargoed oil shipments to 
the U.S. and before gasoline prices at the 
pump rose to about 60 cents a gallon. But 
this does not detract from the books’ 
value; jn fact, the existence of this major 
threat to our energy security enhances 
their importance. The relative weights of 
the books’ conclusions might be changed 
now, but not their major thrusts. 

A Cultural Frame for Technical 
Problems 

Energy Under the Oceans is multidiscipli¬ 
nary. It assesses all the factors — techni¬ 
cal, economic, political, and social — that 
must be considered if undersea resources 
are to be developed in the best possible 
way. 

The study’s major conclusions, as I see 
them, are that development of oil and gas 
resources is too important and affects too 
many people to be left to the oil com¬ 
panies; the important problems are man¬ 
agerial, not technical. 

Technology assessment is a useful tool. 
It offers a systematic method for predict¬ 
ing the consequences of a course of action, 
or more specifically, of a change in a sys¬ 
tem. Studies such as this attempt to ex¬ 
pand the focus beyond purely technical 
and economic considerations to regard 
cultural impacts. Thus, it is argued, the 
decisionmaker can now say with 
confidence, “If 1 do this, such and such 
will happen.” So far so good. Having 
completed that exercise, the authors pre¬ 
sent a plan for development. And here, in 
my opinion, is a great difficulty. An 
analysis of this sort can only answer the 
question, “What is likely to happen if I do 
this?” It cannot answer the question, “Is 
this course of action good or bad?” 

Those of us with technical problem¬ 
solving experience often mistakenly be¬ 
lieve that the techniques that have been 
successful in managing a technical project 
will be equally successful in managing de¬ 
velopment of a resource. In fact, it was 
probably easier to put a man on the moon 
than it is to manage New York City. And 
if that’s so, it is because the objective — 
the moon — was known and agreed upon. 
A proposed course of action could be ex¬ 
amined against the single criterion, “Does 


this improve the probability of putting a 
man on the moon?” Try that for New 
York City or, more pertinent here, try it 
for the development of the U.S. outer con¬ 
tinental shelf oil and gas. 

Braving the Elements 

How these problems are being addressed 
by the countries that have found oil and 
gas in the North Sea is the subject of the 
second book. 

North Sea Oil and Gas was produced in 
a short time and is based on published re¬ 
ports and interviews conducted in Europe 
during July and August, 1973. Although 
one feels it was assembled hastily, it is a 
sound introduction to new questions that 
have been raised, their comparison with 
U.S. experience, and their solutions. 

The North Sea is a hard place to work. 
The water is deep and cold. The weather 
is terrible. Design criteria for platforms in 
the British Petroleum Forties field include 
wind velocities of up to 130 m.p.h. and 
waves of 94 feet. It is so bad that in some 
months, work is possible on only a few 
days! So far weather forecasting has been 
poor. It is claimed, for example, that if the 
forecast is for reduced wave heights in 
two days there is a 50 per cent chance that 
the heights will increase. Thirty-five per 
cent of the time, the waves are higher than 
eight feet. Currents and water turbidity 
are high, making underwater work ex¬ 
tremely difficult. The British Forties field 
is 110 miles out and the Ekofisk is 185 
miles out. 

The technology used in the Gulf of 
Mexico evolved over many years, while 
the technology used in the North Sea was 
both adapted from that used in the Gulf 
and designed and developed on the spot to 
meet new conditions. While much of the 
equipment is simply bigger and stronger 
than in the Gulf, that design approach 
doesn’t always work now, and will not 
work much longer as the operation moves 
to deeper water. 

Many innovative, courageous solutions 
to these new problems have been devised. 
One example is the 1 million barrel con¬ 
crete oil-storage tank installed by Phillips 
in 1973 in 230 feet of water in the Ekofisk 
field. 

Petroleum and Political Games 

These new conditions push the engineer to 
the limits of his knowledge. Just two ex¬ 
amples: 

— How fast do the small cracks — inevit¬ 
able in these large, complex, welded struc¬ 
tures — grow under the random loading 
of the waves in the corrosive environment 
of the sea? 

— How does the sea floor respond over 
long periods of time to the loads from 
these enormous structures as they in turn 
are pounded by the sea? 

Neither question can yet be answered. 

The governments involved in North Sea 
oil and gas development are important 
players and each one sees its role differ- 
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ently. Their equity positions are delicately 
designed to maximize the take while entic¬ 
ing the oil companies to accept the risks 
involved. The British government, for ex¬ 
ample, is doing everything possible to 
bring oil ashore at the earliest date while 
the Norwegian government is slowing de¬ 
velopment so as to neither deplete the re¬ 
source nor overheat the economy. 

Through independent classification 
societies (Lloyd’s Register of Shipping and 
Det Norske Veritas are the two leading 
ones), the governments exercise detailed 
design approval of all aspects of the ven¬ 
ture. For example, just before the Ekofisk 
tank was to be towed to the production 
site, the Norwegian government asked, 
“Is the tank bottom strong enough to 
withstand the unevenness and roughness 
of the sea floor at the proposed site?” De¬ 
ployment was delayed until that question 
was answered. 

The governments contribute heavily to 
the support of research and development 
needed to advance the required tech¬ 
nologies. In Great Britain, the Secretary of 
State for Energy has a Board composed of 
members from industry and government 
which advises on research and develop¬ 
ment programs designed to “ensure the 
safety, and efficiency of offshore opera¬ 
tions and .. . [fo improve] the competitive 
position of British industry in the offshore 
field.” (Emphasis the authors’.) 

Exploration for North Sea oil is an ex¬ 
citing technical, economic, and political 
game. The stakes are high (Great Britain 
has without doubt mortgaged her future 
on the outcome.) The United States can 
learn much from this game, and these two 
books are a good introduction. 

]. Paul Walsh is Superintendent of the 
Ocean Technology Division of the U.S. 
Naval Research Laboratory. He is cur¬ 
rently on assignment to the Office of 
Naval Research in London. 

The Hazards of 
Teamwork 

Organizing the Transnational: The 
Experience with Transnational Enterprise 
in Advanced Technology 
Milton S. Hocmuth 

Leiden: A. W. Sijthoff, 1974; xiv 4-211 

pp. 

European Technology: The Politics of 

Collaboration 

Roger Williams 

New York: John Wiley and Sons, 1973; 
X 4- 214 pp., $13 

Reviewed by Christopher Harlow 

In a year in which the Anglo-French 
supersonic transport “Concorde” has 
come close to being accepted by the 


F.A.A., and when its American com¬ 
petitor is buried with the epitaph, “Too 
Expensive,” it is time to think about the 
heavy cost of technical change in a society 
which has not previously felt the pinch. 
Will America, like European countries, 
turn to technological partnerships abroad 
in order to finance the development of 
new products and processes now straining 
her resources? The European experience 
suggests that she should not; the 
headaches are many and the financial ad¬ 
vantage unproven. 

The most compelling argument in favor 
of transnational programs in advanced 
technology is that they should conserve 
scarce research and development funds 
and manpower. Where a number of coun¬ 
tries have similar objectives, combining 
their budgets should produce more knowl¬ 
edge or new technology for the same ex¬ 
penditure, or the same amount for less 
money. 

Knowledge and technical discoveries 
are indeed hard to quantify. Nevertheless, 
the resource-saving argument has inevita¬ 
ble attractions, particularly to politicians 
and their economic advisers. When sci¬ 
ence and technology programs are put up 
for public support, it is part of the process 
of decision that some price tag be at¬ 
tached to them, though cost forecasting in 
advanced technology is as unreliable an 
art as weather forecasting in Boston. Once 
costs are estimated in the proposals for 
weapon development, for nuclear power 
systems, for space programs, and for air¬ 
craft projects, they lend an appearance of 
conformity to the rules of mathematics. If 
one fast breeder reactor would cost £400 
million (Britain’s estimated development 
budget to 1980), then half a fast breeder 
should cost£200 million in a two-country 
project and a quarter should cost £100 
million in a four-country project. 

Or, at least, so a number of prophets 
hoped, along with most of the European 
countries that entered some form of col¬ 
laborative technological project or science 
program during the 1950s and 1960s. The 
commitments are not completely naive. 
Even the enthusiasts admitted that there 


would be “collaboration costs” to swell 
total program estimates. (The head of 
British Aircraft Corp. estimated an in¬ 
crease of one-third in research and de¬ 
velopment costs; others predict it to be far 
greater.) And for those who were imper¬ 
vious to the mathematical approach, there 
was the “internationalist” argument that 
teaming one’s resources with those of 
another country would bring untold dip¬ 
lomatic benefits. 

Juggling Conflicting Interests 

Within these two rather simplistic ex¬ 
tremes were motivations having a more 
practical appeal. Fairopean Technology 
summarizes the negotiations and aspira¬ 
tions of the major projects in aircraft, 
space, nuclear power, and computers. 
And Organizing the Transnational 
presents detailed case studies of the man¬ 
agement of six programs: the N.A.T.O. 
Hawk missile, the European Space 
Launcher (eldo) and satellite program 
(esro), the Main Battle Tank ’70, Con¬ 
corde, and the Franco-German communi¬ 
cations satellite, Symphonie. 

French participation in many projects 
was conditional upon special concessions. 
France was the dominant partner in the 
Hawk production program, and provided 
the prototypes for the Jaguar fighter and 
the abortive Anglo-French variable- 
geometry aircraft. In three aircraft and 
space projects, Germany was inclined to 
invest more resources than she received in 
production. Having lost ten years of air¬ 
craft development after World War II, 
the Germans saw collaboration as a 
means to speed technology transfer. Brit¬ 
ain during the early 1960s faced a lop¬ 
sided competition with the U.S. in ad¬ 
vanced technology industries. She was 
very much afraid that American domi¬ 
nance had already been established in air¬ 
craft, nuclear power, computers, space, 
and electronics, and embraced collabora¬ 
tion as a route to a European market 
comparable to the U.S. domestic market. 

These three motives — the desire to 
economize, the goal of a federal Europe, 
(Continued on p. 67) 
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Trend 

of 

Affairs 



Twisted fault lines and zones of volcanism 
characterize the earth s crust in central 
Asia. Now an analysis of photographs 
(such as that above) from the Earth 
Resources Technology Satellite reveals 


that this confusion of land forms is in fact 
the direct result of a collision of three 
continental plates — probably the most 
energetic tectonic event in earth's history. 
The photograph shows a series of folds 


and thrusts at the southern edge of Tien 
Shan, between Sinkiang (China) and 
Kazakhstan (U.S.S.R.). 
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Trends This Month 


GEOPHYSICS_17 

Behind the formation of the Himalayas 
and the Appalachians — massive colli¬ 
sions of crustal plates. 

ENERGY_^ 

Economically, nuclear power is the only 
way to go in New England. 

PLANNING_19 

A commentary on the Limits-to-Growth 
’75 conference held last fall. 

OCEAN TECHNOLOGY _M 

Who owns the ocean floor? . . . And 
what’s down there? . . . Evidently, co¬ 
operation is needed. 

FOOD_M 

The familiar refrain: feast or famine? 

RESOURCES_^ 

The costs of recycling paper . . . invest¬ 
ments in exploiting resources. 


GEOPHYSICS 


Plates in Collision 

The modern theory of plate tectonics as¬ 
sumes the surfaces of the continents to be 
like rigid plates of rock driven like lakes of 
ice across the surface of a mushy, fluid 
sea. One of two things must happen when 
two such plates, driven by immense 
geophysical forces not yet totally under¬ 
stood, collide: one plate may slide down 
under the other, creating an area of dou¬ 
bly thick crust; or one must push the other 
out of the way. 

Either case results in fault lines, charac¬ 


terized by frequent earthquakes, and 
crustal deformations, from which rise 
mountain ranges. The old, worn-down 
Appalachian Mountains are proposed to 
be the result of a plate collision which 
fused long ago. Two geologists studying 
earth satellite photographs at M.I.T. 
proposed during the summer that a series 
of such collisions is responsible for most 
of the outstanding geological features of 
southeastern Asia, including the 
Himalayas and the zones of severe earth¬ 
quakes spreading north of the Himalayas 
in China, the Soviet Union, and Mon¬ 
golia. A delegation of Chinese geologists 
visiting M.I.T. last fall confirmed this 



Asia is made of three continental blocks 
whose powerful collision some 40 million 
years ago threw the Himalayas up to their 
present heights and caused patterns of frac¬ 
turing throughout central China and Mon¬ 
golia. Chinese geologists visiting the U.S. 
last fall said that their studies confirmed this 
map, drawn last year at M.I.T. by Peter Mol- 
nar and Paul Tapponnier after studying 


earth satellite photographs. Chinese expe¬ 
ditions have returned rocks from the summit 
of Mt. Everest which turned out to be lime¬ 
stone laid down 500 million years ago in 
shallow seas, and north of the Himalayas 
they have found 300-million-year-old-fossil 
plants typical of those known in India. (Map: 
Peter Molnar and Paul Tapponnier from the 
New York Times) 
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judgment and added details drawn from 
their own detailed studies of Chinese land 
forms. 

Continental blocks representing 
Eurasia and India had been moving on a 
collision course since the late Cretaceous 
(60 to 70 million years ago), said Profes¬ 
sor Peter Molnar and Paul Tapptonnier in 
Science (August 8, pp. 419-25), with rela¬ 


tive movement as much as 180 millimeters 
per year. The collision — and it was a 
prodigious one — came in the Eocene (40 
million years ago), and the relative motion 
was reduced to about 50 millimeters a 
year. The event raised the Himalayas and 
opened fractures to produce areas of 
earthquake faults and volcanic activity ac¬ 
ross much of central and eastern Asia. 


China is still moving eastward at more 
than one inch per year. 

Professor Molnar and Dr. Tapponnier 
think this new analysis, revealing more 
than heretofore known about the energies 
involved in the collision of continental 
plates, “must place an important con¬ 
straint on . . . the driving mechanism of 
plate tectonics.” — J.M. 


ENERGY 


A Nuclear New England . .. . 
Unavoidably Economical 


No matter how you rejigger the figures or 
alter the assumptions, nuclear power has 
a clear economic edge over coal and oil 
for New England base-load electricity, ac¬ 
cording to a recent study by a consultant 
for New England Electric Co. Although 
New England was the focus of the study, 
the findings could shed some light on the 
economic coal-nuclear debate in other 
parts of the country. 

Figures compiled by the S.M. Stoller 
Corp., a subsidiary of Arthur D. Little, 
Inc., gave nuclear power an economic 
edge over coal of about 10 to 15 mills per 
kilowatt hour generated, an advantage 
which persists even with pessimistic nu¬ 
clear assumptions and optimistic coal as¬ 
sumptions. The economic advantage over 
oil is in this same range, also despite 
changes in the assumptions. 


In a recent speech to a meeting of Bos¬ 
ton power engineers, Robert J. McWhor¬ 
ter, S. M. Stoller vice president, outlined 
the study and brought the engineers up to 
date on developments which might affect 
the findings. The study was released early 
in 1975. 

Among the study’s assumptions were 
that the oil cartel would continue to drive 
oil prices up, to about S15 per barrel by 
1990. Coal, whose price has leaped 400 
per cent in the last 18 months, would con¬ 
tinue to rise to about $60 per ton in 1990, 
from about $30 per ton today for eastern 
deep-mined coal. Finally, nuclear fuel 
would suffer shortages in the 1980s and 
prices would rise to about $155 per kilo¬ 
gram of heavy metal — that is, ready-to- 
go fuel. 

The Stoller study estimated that nuclear 


plants and coal plants with stack gas 
scrubbers would be up and running about 
the same percentage of time (70 per cent) 
as nuclear plants. Coal plants without 
scrubbers would be available about 75 per 
cent of the time. 

Most of the argument over whether 
coal or nuclear would be cheaper centers 
around the capital costs of building the 
two kinds of plants. The Stoller study es¬ 
timated that 2,400 megawatts of plant 
would cost about $863 per kilowatt for 
nuclear, $697 per kilowatt and $565 per 
kilowatt for coal with and without scrub¬ 
bers, respectively, and $512 per kilowatt 
for oil. 

After digesting all these figures, the 
analysts discovered inevitable cost advan¬ 
tage of nuclear power for New England. 
The score: nuclear, 36 mills-per- 


Nuclear power comes out on top 
economically in New England regardless of 
how the components of power costs are 
varied. This breakdown of power costs was 
performed by the S.M. Stoller Corp. 
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PLANNING 



Economics might make nuclear power 
plants such as this one a common sight in 
New England. (Photograph courtesy of the 
Atomic Industrial Forum.) 


kilowatt-hour; oil, 52 mills; coal without 
scrubbers, 50 mills; and coal with scrub¬ 
bers, 57 mills. 

But the key to any good prediction is to 
know how well the results hold up when 
things don’t exactly go your way. The 
Stoller Corp., in fart, did a lot of varia¬ 
tions on their themes (see graph) and 
could find little economic hope for oil or 
coal in New England. 

Support for the prediction also comes 
from another sector: to run coal plants, 
one needs a good supply of coal, which 
means a good railroad to bring it in. “For 
one utility to carry the weight of upgrad¬ 
ing the Northeast railroads on its back 
would be impossible,” said Mr. McWhor¬ 
ter. Thus, if one utility goes coal, all must 
go. Of oil, he said, “We feel very nervous 
recommending oil for a base-load plant 
because of the insecurity of supplies.” 

But there are also short-term supply 
problems with nuclear fuel, he pointed 
out, citing a Westinghouse announcement 
that it could not honor earlier commit¬ 
ments to supply nuclear fuel. These were 
seen to be problems of distribution, rather 
than real shortages, he said. A little lend¬ 
ing of nuclear fuel from those utilities that 
have delayed nuclear plants to those who 
are short-fueled would help. 

Other events since the study was com¬ 
pleted have left Mr. McWhorter “feeling 
good” about the projections. Despite such 
items as inflation and the overwhelming 
concern over the disposal of nuclear 
wastes, the economic edge is still 
nuclear’s. 

Certainly coal plants would probably 
be more economical in the West, where 
strip-mining could bring huge supplies 
at about one-fourth the price of eastern 
coal. But this won’t help the East, said 
Mr. McWhorter, because shipping west¬ 
ern coal East would cost three times as 
much as shipping eastern coal, just about 
wiping out any price advantage. — D.M. 


Limits-to-Growth 75: 
Long-Distance View of a 
Mad Hatter’s Tea Party 


Reading the speeches, papers, and jour¬ 
nalistic reports from the Limits-To- 
Growth Conference in suburban Hous¬ 
ton, Texas, lat fall was like observing a 
Mad Hatter’s tea party, where the 
idiosyncracies of the guests far outshone 
the attractions of the tea and cakes. 

The oddities began with the brochure 
announcing the conference. This is no 
limits-to-growth conference, thought this 
writer, for the magnificent brochure an¬ 
nouncing it grew and grew and grew, un¬ 
folding into a two-by-three-foot poster 
splashed with the promise of intellectual 
ferment a-go-go. The price seemed just as 
limitless: a $325 registration fee, $265 for 
semi-impoverished government officials 
and academicians. And there was a matter 
of $42 per day for room and board, plus 
travel expenses. 

The limits-to-growth conference was 
being held in one of the most limitless 
areas in the country — the lush, sprawling 
land near Houston, Texas, where neo- 
Roman, neo-colonial, neo-modern, and 
neo-neo housing developments and shop¬ 
ping centers spring up like acne on a 
pubescent teen-ager. The principal spon¬ 
sor was no fusty technical society, but mil- 


The Price of Radiation 

If the market system successfully sets 
our priorities on materials, can it do 
the same for pollution — even for that 
most subtle form of pollution which 
results from radioactivity? 

It can, indeed, thinks Richard Wil¬ 
son, Professor of Physics at Harvard. 
Professor Wilson notes the recent in¬ 
terim ruling of the Nuclear Regulatory 
Commission: in the absence of certain 
knowledge, N.R.C. asks the operators 
of nuclear reactors to reduce radiation 
exposure to the general public until the 
cost of further reduction exceeds 
$1,000 per man-rem (the product of 
population and radiation dose meas¬ 
ured in rems, each rem being radiation 
equivalent to that from one roentgen 
from high-energy x-rays). 

If the operator of a reactor fails to 
meet this requirement, N.R.C. orders 
the reactor shut down, and until cor¬ 
rections are made power must be gen¬ 
erated by some other — perhaps more 


lionaire oil man George P. Mitchell. 
Among his potential gushers is the Wood¬ 
lands, the “new town” in which the meet¬ 
ing was held. The Woodlands, besides at¬ 
tracting a wide diversity of settlers, hopes 
to attract a campus of the University of 
Houston — another partner sponsoring 
the conference. 

Thus did the peculiarities surrounding 
the conference coalesce into a bewilder¬ 
ing, quivering jello of circumstance. 

Some of the conference sessions and 
luncheons were held on the tennis courts, 
and at these and other sessions two teams 
of conferees — the growthers and the 
limits-to-growthers — served stinging 
verbal volleys to one another. While some 
of the volleys were straight and true, 
others skidded unrealistically off the 
court. One suspects that the truth 
bounced about somewhere on center- 
court. 

The spectators included not only the 
well-heeled businessmen and ever-so- 
slightly down at the heels academics, but 
also a number of reporters casting about 
for copy to justify the trip down to 
for-God’s-sake-Texas. 

Jay W. Forrester, M.I.T. professor. 


Exposure 

polluting in another realm — system. 
But Professor Wilson finds the $1,000 
per man-rem requirement a “very con¬ 
servative” one, and in a short paper in 
Science (October 31, 1975), he prop¬ 
oses that society would be better 
served by leveraging correction of the 
reactor than by substituting a more 
conventional, more polluting alterna¬ 
tive. 

Say $1,000 per man-rem as a fine, 
proposes Professor Wilson; such a 
charge “will usually cost less than 
shutting a power station down.” And, 
if the National Academy of Sciences is 
correct in estimating that one man-rem 
might cause 10*'* cancers, the fine 
“corresponds to a charge of $10 mill¬ 
ion per cancer.” An adequate incentive 
to any utility to mend its ways, thinks 
Dr. Wilson, and a convenient source of 
income for cancer research and treat¬ 
ment. — J.M. 
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made valid points when he advocated em¬ 
phasizing social limits-to-growth rather 
than physical limits. His ace was that 
maybe technology can overcome some 
physical limits, but the social conse¬ 
quences are just as deadly. “Social limits 
(to growth) are already exerting growth 
pressure in the form of drug addiction, 
kidnappings, aircraft hijackings, sabo¬ 
tage, revolution and a returning threat to 
atomic war,” he said. 


Is Business Really 
Cyclical, and Why? 

Economists identify a four-year cycle 
of growth and recession, a 20-year 
fluctuation in growth rates (the Kuz- 
nets cycle), a 45-to-60-year cycle in 
financial indicators (the Kondratieff 
cycle), and perhaps a 200-year sys¬ 
temic life cycle. Are they real? And 
why? 

Consider the labor sector in Jay W. 
Forrester’s new National Model. Pre¬ 
liminary runs made at M.I.T. late last 
summer, first reported last fall by 
Nathaniel j. Mass to a conference of 
alumni of the Sloan School of Man¬ 
agement, suggest that there is in fact a 
four-year cycle: the demand for labor 
expands, creating a shortage which 
lures more people into the labor mar¬ 
ket; the result is a surplus — unem¬ 
ployment — which causes demands for 
economic expansion to provide more 
jobs; then the resulting expansion 
creates another shortage — all this re¬ 
peating itself in about four years. 

If several sectors are involved — 
production, financial, and labor, for 
example — the cyclical action is far 
more complex and takes longer. It 
might work like this, said Mr. Mass: a 
one-time increase in the order rate de¬ 
pletes inventories and produces a back¬ 
log of orders. The result is three pres¬ 
sures for expansion of production: to 
reduce the backlog, to replenish inven¬ 
tories, and to increase the level of in¬ 
ventories against future bulges in the 
order rate. There is a call for new capi¬ 
tal equipment, which sets up a cyclical 
movement of its own in the financial 
sector; and there are also repercussions 
in the labor sector. When the future 
bulges fail to materialize, inventory is 
allowed to decline, investment and 
labor demand drop. Suddenly they 
have dropped too far, backlog builds, 
and the stage is set for the cycle to re¬ 
peat. 

The model suggests that all this, 
stemming from a single one-time in¬ 
crease in the order rate, may happen in 
a self-perpetuating cycle of surplus and 
scarcity that repeats itself perhaps in 
20 years. — J.M. 


“In the present energy shortage, the first 
question should not be ‘Can technology 
provide unlimited energy?’ Instead we 
should ask, ‘If unlimited energy were 
available, should we want it?’ ” 

Professor Forrester also called for a na¬ 
tional focus on limit-to-growth strategies: 
“The debate on limits-to-growth has 
tended to focus on the world as a whole, 
major regions, and on issues outside any 
particular person’s own country. Such a 
broad and external perspective implies 
that the problem belongs to somebody 
else. Furthermore, only nations have ef¬ 
fective political processes. The external 
perspective sees difficulties as being im¬ 
posed from the outside, and war against 
others as the solution.” 

Professor Forrester also advocated a 
keener awareness of the intermediate 
modes of behavior that lie between the 
short-term business cycle of only about 
five years, and the centuries-long cycle of 
growth. 

“Historians treat the rise and fall of 
civilizations — the time span of growth, 
equilibrium and collapse. The business 
press, economics books and political de¬ 
bate all overemphasize the three-to- 
seven-year business cycle. But dynamic 
modes of behavior extending over ten to a 
hundred years receive less than their due 
attention.” 

Another limits-to-growther, Herman E. 
Daly, outlined a number of complicated 
schemes to help the cause along. He had 
the government setting up a system of 
quotas for scarce materials. Business 
would purchase a “right-to-buy” before 
going to the marketplace. Thus, the gov¬ 
ernment in its well known wisdom could 
control the flow of resources to make the 
best of all possible worlds. 

Mr. Daly also had neat schemes to per¬ 
suade the masses not to have too many 
children. Adopting an idea of economist 
Kenneth E. Boulding, Mr. Daly proposed 
transferrable birth certificates, which ap¬ 
parently would be purchased on the open 
market by people who wanted to have 
babies. One wonders whether Mr. Daly 
would apply this idea to the U.S., where 
the birth rate has already dropped below 
replacement levels, or to India, where 
political chaos and illiteracy would prob¬ 
ably doom it from the start. 

As usual, the limits-to-growthers 
trotted out their warnings of mass starva¬ 
tion, revolution, wars over natural re¬ 
sources and political and economic up¬ 
heaval; and they waved the (usual, valid) 
banners of reduced population growth, al¬ 
ternative power sources, more modest 
technology, and countries living within 
their resource means. Perhaps these were 
new ideas to the conferees, but only if they 
had been living in Texas for the past five 
years. 

Meanwhile, in the outside world there 
was the rising belligerence of the poor na¬ 
tions of the world, who are beginning to 
complain that limits-to-growth in reality 
means limiting their growth. This voice 


was heard but faintly within the Wood¬ 
lands. 

The chief growther at the conference 
was Herman Kahn of the Hudson Insti¬ 
tute, whose discussion paper (distributed 
to the press) cautioned “this document is 
not for distribution or publication, and it 
should not be cited or quoted without the 
permission of the author. Hudson Insti¬ 
tute Discussion Papers ... do not neces¬ 
sarily represent the considered opinions 
even of the author.” 

So, Mr. Kahn cannot be reported on 
here, except to say he was optimistic. 

Science correspondent Nicholas Wade 
(November 7, 1975) perhaps best sum¬ 
marized what seemed to be the ambience 
of the conference: “Limits-to-Growth ’75 
made a good beginning, but its successor 
should probably give more time to hard 
analysis of stationary state economics, 
and less to the mushy visions of semi- 
professional futurologists ...” — D.M. 

OCEAN TECHNOLOGY 

Whose Nodules 
Are They? 

The draft treaty prepared for the Law of 
the Sea conference which convenes at the 
U.N. this spring is a truly radical docu¬ 
ment, “deeply infiltrated” with “the new 
economic order,” thinks Leigh S. Ratiner, 
Administrator of the U.S. Department of 
the Interior’s Ocean Mining Administra¬ 
tion. He has been a LJ.S. participant in 
both previous Law of the Sea conferences. 

In the draft, the developing countries 
insist that all resources which lie beyond 
territorial limits belong equally to all; the 
“prerogatives of equity” simply aren’t 
recognized, said Mr. Ratiner. “And if the 
developing countries persist in this rev¬ 
olutionary approach,” he declared, “then 
there is no chance that the U.S. can 
agree.” 

One line of opposition to this rev¬ 
olutionary view comes from “a curious al¬ 
liance” of developed and developing na¬ 
tions (Canada, Russia, Australia, 
Rhodesia, and South Africa) Mr. Ratiner 
said in his Sea Grant Lecture to M.I.T. 
this fall. The common denominator bind¬ 
ing these unlikely partners: each has sub¬ 
stantial land-based resources of nickel, 
and none wants to lose a market for these 
resources to the nickel-rich nodules which 
pave the Pacific floor from Hawaii to Baja 
California. 

The crucial question for the U.S., thinks 
Mr. Ratiner, is whether our deep-sea in¬ 
dustry will be so discouraged in its quest 
for these riches as to abandon its invest¬ 
ments in the technology for their recovery 
or, more likely, export that technology to 
some other nation which can better ex¬ 
ploit it. 

“We cannot risk that capability,” said 
Mr. Ratiner; and so he holds out the even¬ 
tual possibility of unilateral U.S. action to 
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Nodules cover the sea ftoor in some areas, 
and seem to be a rich source of nickel, 
copper, and cobalt, as well as manganese. 
But questions of territory and technology 
may prevent their recovery. (Photo courtesy 
of B. C. Heezan, Columbia University.) 


exploit extra-territorial undersea re¬ 
sources. 

Nothing would more please John E. 
Flipse, president of Deepsea Ventures, 
Inc., which since 1968 has been develop¬ 
ing technology to recover and refine the 
elusive Pacific nodules. It’s an uphill fight, 
he said in his Sea Grant Lecture; at least 
$500 million will be needed to put a single 
mining production on the ocean — each 
operation requiring a ship, dredge, and 
three-mile-long pipe strung between 
them; a transportation system to bring 
nodules from ship to shore; and port 
facilities and a refining plant to receive 
and process the result. 

Mr. Flipse exudes optimism. Research 
on the nodules convinces him of their 
value as sources of nickel, copper, cobalt, 
and manganese. Now he needs only per¬ 
mission to dredge up his prize, and 
investor’s money to launch the enterprise. 
It’s clearly no get-rich-quick scheme; but 
“financiers can’t tolerate uncertainty,” 
says Mr. Flipse, “like, whose nodules are 
they, anyway?” — J.M. 

Oceanography Seeks 
the Unseeable 

When you seek data from the depths of 
the ocean, you are playing a game of 
blind man’s bluff: you cannot see what 
you are doing, where you are doing it, or 
the environment in which you are work¬ 
ing. A major effort of oceanographers and 
marine technologists, then, is devoted to 
the search for ways to observe and meas¬ 
ure what they cannot observe for them¬ 


selves below the surface of the sea. 

Here are some current examples from 
the 1975 annual meeting of the Marine 
Technology Society: 

— A moored environmental profiler, de¬ 
scribed by George F. Hickey, Jr., of the 
Naval Research Laboratory, consists of 
pressure and temperature recorders which 
move freely along a 3,000-foot poly¬ 
propylene line along one end of which is a 
500-pound anchor. Let the line overboard 
until the weight rests on the bottom; then 
drop the recorders down the line. When 
they reach the bottom, energize a gas 
generator to provide enough lift to bring 
the sensing recorders back to the surface. 
When the job is done — many descents 
and ascents along the line are possible, 
since up to 64 gas generators are provided 

— Send a signal to a deep-sea acoustic re¬ 
ceiver which cuts the line above the an¬ 
chor; everything but the anchor is recov¬ 
ered. 

— To analyze the rate and nature of sea 
floor sedimentation, Roderick S. Mesecar 
and Andrew G. Carey, Jr., of the Oregon 
State University School of Oceanography, 
will locate their in situ sediment collector 
just above the sea floor on a line between 
an anchor and a float. The collector has 
three surfaces, each 4.5 square meters. Let 
sediments fall on one surface for a month; 
then roll up that surface and deploy the 
second to receive another month’s input 
of particulates. After all three surfaces 
have been exposed, cut the anchor line 
and retrieve the collector. 

— Drop a missile containing accelerome¬ 


ters and trailing a line from a research 
ship through several hundred feet of water 
into bottom sediments. The accelerome¬ 
ters measure the resistance encountered 
by the missile in terms of its deceleration at 
various depths. Occasionally drop a cor¬ 
ing device nearby to sample the bottom 
sediments. Retrieve the missile and corre¬ 
late the deceleration data with the cover 
to learn about sedimentation patterns. (In 
1971 six such penetrometers were re¬ 
leased from the research vessel 
Alaminos in up to 720 meters of water 
in the Gulf of Mexico. The telemetry 
failed, and no deceleration data were ob¬ 
tained. Back to the drawing board.) 
—y.M. 

The Sad State 
of Ocean Study 

Only during and after World War 11 did 
the most developed nations of the world 
begin to understand the basic importance 
and complexity of the world ocean. 
Twenty-five years later there are still more 
questions than answers — and, said a 
series of speakers at this fall’s annual 
meeting of the Marine Technology Soci¬ 
ety, there is no program for resolving a 
long shopping list of unknowns. 

Here is such a list from Harris B. 
Stewart, Jr., Director of the National 
Oceanic and Atmospheric Administra¬ 
tion’s Atlantic Oceanographic and 
Meteorological Laboratories, and others 



be nourished? Seeking an answer, Roderick 
S. Mesecar and Andrew G. Carey, Jr., of 
Oregon State University have built this 
benthic particle collector. The ocean’s 


three fabrics have been exposed — each for 
a month or more — the device is retrieved 
and its contents analyzed. 
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at the M.T.S. keynote session in San 
Diego: 

— Detailed maps of the ocean floor are 
lacking for most parts of the world. 

— The present state of the art makes pos¬ 
sible positioning a ship at sea only to 
within ± 180 meters of a desired place. 
When sea floor mining begins that will 
have to be improved six-fold, to ± 30 
meters. 

— National boundaries are unmarked at 
sea; sea floor markings are essential if sea 
floor resources are to be utilized. 

— Fundamental knowledge is still inade¬ 
quate to explain processes at the sea-aii 
interface. 

— Environmental constraints can only be 
estimated; we simply have to guess at the 
environmental stress of many potential 
pollutants and activities. 

— Supertankers, container ships, LNG 
tankers, automated dry cargo carriers — a 
“dramatic change” in ships since the 
1960s. But there are no comparable 
changes in ship salvage methods, and in¬ 
deed no studies of salvage systems for 
exotic new craft. 

— The shoreline is “where the action is,” 
where nutrients from land and sea mix, 
where special interests — recreation, 
commerce, and industry — confront each 
other. Yet both fundamental knowledge 
and management priorities are inadequate 
for shoreline policy. 

Most oceanographic instrumentation 
today has had a “serendipitous origin,” 
said Don Walsh of the Naval Material 
Command. Heterogeneous exploration 
has characterized man’s attacks on every 
frontier except space; must it continue to 
be so for the oceans? There has been no 
national inventory of port facilities and 
future needs, said Mr. Stewart; and — 
after blossoming in the 1960s — the fed¬ 
eral program for building oceanographic 
research vessels has lost momentum. 
Submersibles “are by far the best tool” for 
certain kinds of oceanographic research, 
thinks Auton L. Interbitzen of the Univer¬ 
sity of Delaware; but today’s fleet of sub¬ 
mersibles is under-utilized by at least .50 
per cent. Altogether a “sorry state of af¬ 
fairs” in ocean policy and ocean manage¬ 
ment, said William Nierenberg, Director 
of Scripps Institution of Oceanography. 

A dissenting vote from David S. Potter, 
Undersecretary of the Navy. When they 
talk like this, oceanographers are in some 
sense asking the government to make their 
decisions for them; and in another sense 
complaining about decisions which have 
already been made. Only if the U.S. elects 
to make itself once more a world maritime 
power can a consistent, centralized policy 
be marshalled in Washington, he said; 
and that is not a national goal today. 

Robert A. Frosch, who has just re¬ 
turned from the United Nations Environ¬ 
mental Program in Nairobi to become As¬ 
sociate Director for Applied Oceanog¬ 
raphy at Woods Hole Oceanographic In¬ 
stitution, responded that this set of “re¬ 


markably discouraged” oceanographers 
and engineers were talking about the 
wrong problems. He agreed with Dr. Pot¬ 
ter: though the variety of ocean re¬ 
search and marine technology testifies to 
the lack of a monolithic plan, it also pre¬ 
vents monolithic mistakes. For that 
reason, and because the flow of oceano¬ 
graphic information is now very great, 
scientists should not expect to turn the 
clock back to the post-World-War-Il days 
when detailed, long-range planning was 
needed and effective. 

And the real issue today is a more fun¬ 
damental one: we persist in studying the 
seas as a source of extractable resources; 
indeed, the question before the Law of the 
Sea conferences is how to divide up these 
resources. But that is a short-sighted view: 
the true question is not how and under 
whose auspices the sea is to be depleted, 
but how the world ocean is to be managed 
for all peoples of the world on a 
sustainable-yield basis, said Dr. Frosch. 
— J.M. 


FOOD 

The Constraints Are 
Not in Technology 

True, there are malnourished, poverty- 
stricken humans on every continent of the 
globe today, and most of them are in 
those parts of the world where birth rates 
are highest. But the belief that world 
population outrunning world food sup¬ 
ply, with a human catastrophe from star¬ 
vation the only foreseeable outcome, is 
another example of neo-Malthusian 
thinking about resources, said Lance 
Taylor, Professor of Nutrional Econo¬ 
mics, at the M.I.T. natural resources 
conference last fall. 

The United Nations Food and Agricul¬ 
ture Organization says that 20 per cent of 
the “third world” population is mal¬ 
nourished, and the deprivation represents 
about 20 million tons of food grains per 
year. Analysts for the World Bank, at¬ 
tempting a more sophisticated study of 
personal incomes in relation to calorie 
deprivation, set the deficit at 35 to 45 mil¬ 
lion tons. This is but 3 per cent of total 
food grain output (1,250 million tons) in 
1973. 

Though there are practical difficulties 
with producing and delivering food to 
these malnourished people, there are no 
technological roadblocks to this modest 
additional food production. Agricultural 
land areas could be increased 50 per cent 
at per acre costs for clearing and prepara¬ 
tion of a few hundred dollars. Increasing 
yields per acre is simply a matter of in¬ 
creasing the expertise — and perhaps the 
machinery — of millions of underedu¬ 
cated peasants. There is no world water 
shortage — only a failure to use all avail¬ 
able resources efficiently. Energy is in fact 


a modest input to most agricultural sys¬ 
tems, and the general price level is closely 
tied to the cost of energy so a farmer’s 
income is likely to go up as his outgo in¬ 
creases. 

If the problem is not technological, how 
about other kinds of government inter¬ 
ventions? New foods — notably protein 
fortification — have been a common re¬ 
sponse. But no one is now sure whether 
the problem is protein malnutrition or 
general malnutrition; and protein 
fortification adds cost which probably 
offsets the benefits, thinks Professor 
Taylor. Population control? Increasing 
food production may be easier to arrange 
than decreasing births, and there is some 
suggestion that economic growth (includ¬ 
ing food production) responds positively 
to population pressure, said Professor 
Taylor. More efficient use of food in the 
U.S. — i.e., less use of grains for inefficient 
beef production? The first result is likely 
to be curtailed grain production to avert 
falling prices; “the only problem is getting 
someone to pay for . . . the grain 
hypothetically not used in feed lots.” 

All this leads Professor Taylor to dis¬ 
card neo-Malthusian arguments about 
population control and resource limits, 
and instead to equate malnutrition with 
“the deep social causes of underdevelop¬ 
ment . . . The most effective means of 
grappling with undemutrition,” he said, is 
“some sort of income redistribution” — 
land reform, food programs, even revolu¬ 
tion. “The focal changes will have to be in 
the social relationships of people to tech¬ 
nology and among themselves.” — J.M. 


RESOURCES 

Why Not More 
Recycling? 

Paper demand is increasing at more than 
one per cent a year, and fiber require¬ 
ments are prodigious. But recycling — 
which seems to have the dual advantage 
of reusing a potentially scarce resource 
and reducing expensive waste manage¬ 
ment — is a relatively small factor in the 
industry. Perplexed because the industry 
does so little of what their intuition led 
them to think it should do, E. Robert Mil¬ 
ler and Eliot W. Goldstein of M.I.T., in¬ 
voked the method of system dynamics pi¬ 
oneered by Professor jay W. Forrester of 
M.I.T.’s Sloan School of Management for 
studying industrial, urban, and social 
systems. 

Their first task was to devise a model — 
based on a similar model of solid waste 
systems originally published in 
Technology Review (March/April, 1972, 
p. 23) by Jorgen Randers and Dennis 
Meadows to show the interrelationships 
between the factors which seem to be im¬ 
portant: the supply and price of virgin and 
waste fiber, the cost of processing waste 
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Why is so little paper recycled in the U.S.? 
And what policies might lead us to be more 
frugal of our papermaking materials? 
Seeking the answers, E. Robert Miller and 
Eliot W. Goldstein of M.l.T, constructed a 
computer-based dynamic model of the 
paper industry. The "Standard run” (left) 
reveals that even by the year 2120 
recycling will be a small factor in the paper 
industry if it continues to operate in today’s 
image; but technological improvements 
in recycling and papermaking, together 
with a 50 per cent tax on paper products 
from virgin fiber, yield a markedly higher 
recycling rate and a balance between 
supply and demand (right). 




Resources: The Future Need Not Be 
So Different from the Past 


fiber, the demand for paper, the non¬ 
monetary cost of waste disposal. Using 
this model, they studied the recent history 
of paper recycling. They confirmed the 
model by making sure that it was con¬ 
sistent with the recent history of the paper 
industry, including recycling; then they 
used it to look into various alternative 
futures as demand increases and pulp- 
wood supplies decrease. 

According to Messrs. Goldstein’s and 
Miller’s model, if there are no substan¬ 
tial policy changes, growing paper de¬ 
mand in the future will be filled largely as 
it has been in the past: by virgin paper 
products used once and discarded. The 
supply of fiber will constrain production 
by the year 2120, so prices will rise; but 
recycling will continue to be a modest fac¬ 
tor in the industry. Even new technology 
yielding a reduction of .SO per cent in the 
cost of recycling— assuming that recycled 
fibers are processed by today’s methods — 
would have little effect on the industry’s 
dependence on virgin fibers. 

But two other technological develop¬ 
ments turn out to be more promising: if 
papermakers can find ways to use higher 
proportions of recycled fibers to make 
quality paper products, and if a higher 
proportion of the fiber in waste paper can 
be salvaged in more efficient recycling 
processes, then the recycling rate rises 
dramatically. 

A single government intervention is 
suggested: a 50 per cent tax on products 
made from virgin fiber, which has the ef¬ 
fect of making recycled fiber more 
economically competitive. 

Given these three developments acting 
in concert, the model proposes a 75 per 
cent reduction in unrecovered waste 
paper, a 100 per cent increase in recycling, 
and a 65 per cent reduction in the dif¬ 
ferential between paper supply and de¬ 
mand which the model postulates for the 
year 2120. — JM. 


Few resources are truly infinite. But 
earth’s riches are far from exploited, or 
even understood; returns on investments 
in technology have barely begun; and re¬ 
markable incentives for further exploita¬ 
tion are built into the system. 

This from six members of the M.l.T. 
faculty who spoke to a San Francisco 
seminar for the M.l.T. Club of Northern 
California late in September — and from 
a score of speakers at the American Min¬ 
ing Congress the following week. 

No sudden “doomsday” lies ahead, 
they said, and our world need not be so 
different in the future from the past. 

No Market Manager, 

Little Need for One 

Mankind today is in the same position on 
earth as may have been a crew of Roman 
soldiers shipwrecked on an unexplored 
Mediterranean island. Professor Robert 
M. Solow told the M.l.T. seminar: we do 
not know what resources we have, or how- 
soon rescuers — our ingenuity — will 
bring us more. 

In our system, sacrificing current con¬ 
sumption for future value is called in¬ 
vestment. Society’s investments in educa¬ 
tion and defense and the contents of the 
accumulated volumes in our libraries can 
be thought of in this way. 

Conservation of mineral resources can 
also be considered an act of investment, 
and it can be justified by the expectation 
of profits which will result from 
sacrificing current consumption for future 
value. The market’s response is to place a 
low value on this investment opportunity, 
said Professor Solow. Resources represent 
perhaps five per cent of the value of total 


world output (75 per cent is labor, 20 per 
cent plant and equipment). Read cor¬ 
rectly, the market tells us that resources 
are a minor input whose role we tend to 
overemphasize, and whose shortage 
should not cause panic. 

Irreplaceable minerals and fuel are a 
special kind of asset, but future value 
(profits) still equate with social return, 
said Professor Solow. The market is work¬ 
ing day in and day out to tell us that short¬ 
ages are few, resources plentiful, substi¬ 
tutes available — with some exceptions. 

Our consumption of resources such as 
clean air and water is not governed by any 
obvious balance between the values of in¬ 
vestment and consumption, he agreed. So, 
too (perhaps), the case of a few critically 
scarce resources whose future value may 
be greater than we can recognize today. 
We need a policy which puts a market 
value on clean air and water and an 
analytical system to help us recognize ab¬ 
solute, critical shortages a decade in ad¬ 
vance, when we can understand alterna¬ 
tives and their costs, argued Professor 
Solow. Government environmental pro¬ 
grams and government commitments in 
research and development without gov¬ 
ernment intervention — at least until the 
crucial decade arrives — are the key in the 
management of supply and demand. 

Flerman Kahn, President of the Hudson 
Institute, calls this a “post-industrial” or 
“super-industrial” position, and he con¬ 
trasts the “neo-Malthusian” position of 
those who propose to limit growth to be 
consistent with any present concept of a 
finite world. 

“Neo-Malthusian” thinkers, he told the 
American Mining Congress, fail to undcr- 
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A short lesson in mining economics — as 
provided by Harry J. Olson and William M. 
Dolan of AMEX Exploration, Inc., at the 
1975 American Mining Congress — makes 
geothermal look like an investment of 
opportunity. Assuming discovery of 
comparably viable geothermal and mineral 
resources in the fourth year of exploration 
programs, the geothermal prospector will 
spend perhaps $20 million within five years 
to develop production. A mineral deposit 
would require eight or ten years and $50 
million for development, but exploration 
costs would have been low compared with 
those of geothermal. But all this is only half 
the picture, and the AMEX geologists 
describe geothermal as "an attractive 
flower trying to survive in a bed of weeds." 
Sixty per cent of geothermal resources are 
estimated to be on federal lands, and 
federal leasing policy has been uncertain 
and even perverse. The absence of lax 
incentives — "traditionally accorded to an 
emerging industry,” said Messrs. Olson and 
Dean — "has virtually dried up the 
traditional sources of risk money." They 
conclude that the goal of geothermal 
resources equivalent to one million barrels 
of oil by 1985 "is patently impossible." 


stand that “the more one produces, within 
limits, the more one can produce. In¬ 
creases in productivity, wealth, and 
affluence anywhere often create condi¬ 
tions that allow or encourage similar in¬ 
creases almost everywhere.” 

His argument anticipates transition to 
stability — a world population settling at 
perhaps 15 billion in the 21st century as 
people everywhere achieve greater 
affluence and security “using only current 
or near technology.” 

“It would be possible to support world 
populations of 20 or 30 billion at least by 
typical middle class standards.” It will be 
a “post-industrial society ... close to a 
humanistic utopia by most historic stand¬ 
ards,” said Dr. Kahn. 

The O.P.E.C. Illusion 

Neo-Malthusians have helped us by fo¬ 
cussing attention on a little understood 
problem. But for himself, said Howard W. 
Johnson, Chairman of the M.l.T. Corpo¬ 
ration in San Francisco, “lack of growth 
imposes constraints as serious as those of 
growth.” Many speakers at the American 
Mining Congress were less generous, sug¬ 
gesting that premature estimates of a finite 
world’s limits may upset the system which 
could otherwise guide us to Dr. Kahn’s 
“humanistic utopia.” 

Today’s malaise in the copper market 
results from “limited” thinking, according 
to Simon D. Strauss, Executive Vice Presi¬ 
dent of Asarco, Inc. Speculators invested 
so heavily in copper inventories, seem¬ 
ingly a good investment on the basis of 
reported diminishing ore resources, that 
in 1973 the price of copper in the London 
commodity markets was up to $1.52 per 
pound (from 50 cents in 14 months). But 
by April, 1974, surging demand in the 
face of scarcity had failed to materialize, 
Mr. Strauss told the American Mining 
Congress; copper inventories turned into 
copper surpluses, and the price, despite 
inflation, is now so low as to be “well 
below” the cost of production in many 
mines and low enough to bring copper 
once more into competition with 
aluminum for elearical conductors. 

If such market antics can be attributed 
to an uncritical acceptance of neo- 
Malthusian ideas, then orderly mineral 
markets may in fact be in jeopardy in the 
future. 

The O.P.E.C. nations’ success in dictat¬ 
ing the world price of oil may be to some 
extent due to a neo-Malthusian illusion. 
Professor Solow added. There is nothing 
scarce about petroleum today, and the 
O.P.E.C. cartel is in fact far from free to 
set its price at its pleasure. “It’s not as if 
the barrel will suddenly be empty,” said 
Professor Solow. “It’s my prejudice that 
we tend to scare too easily about short¬ 
ages.” 

Thomas V. Falkie, Director of the U.S. 
Bureau of Mines, is of the same mind. 
Though he presented to the American 
Mining Congress a list of 18 minerals for 


which U.S. cumulative demand to the year 
2000 exceeds present U.S. reserves (“the 
problems of resource and reserve inade¬ 
quacy stand out as the major trouble 
spots” before 2000, he said), he advocates 
free access to raw materials and free trade 
in minerals. He regards the threat of an 
O.P.E.C.-style boycott of minerals as not 
serious: suppliers are geographically and 
politically diverse and their income needs 
are urgent, he said. 

Economics of Ecology 

Environmental controls have reshaped 
U.S. mineral industries in a decade, and 
anyone eavesdropping even briefly at the 
American Mining Congress would sense 
an adversary relationship between 
“economy” and “ecology.” Frederick E. 
Templeton, Assistant to the President of 
Kennecott Copper Corp., for example: 
“We will soon reach a point where techni¬ 
cal and economic decisions of businesses 
are being made by administrative agencies 
which have only a narrow perspective on 
the overall consequences of these deci¬ 
sions. . . . There has not been any mean¬ 
ingful effort to approach air pollution 
control from a cost-effective standpoint.” 

To some in her audience of mining and 
mineral industries executives, then, Bea¬ 
trice E. Willard of the Council on En¬ 
vironmental Quality must have proposed 
a heresy: “economics” and “ecology” 
two words from the same stem? 

True, and even today, said Dr. Willard, 
“the two disciplines can complement each 
other in function and results.” As J. Her¬ 
bert Hollomon, Director of the M.l.T. 
Center for Policy Alternatives, told 
the M.l.T. seminar, when government 
intervenes in the resources markets (as it 
must to put a price on “free” pure air and 
water), let it benefit from the leverage of 
the free market system. 

We tend to seek what Dr. Hollomon 
calls “quick fixes,” to legislate simple so¬ 
lutions to complex problems — absolute 
limits, or the concept of “best available 
control technology” when limits cannot 
be devised. Professor Solow favors more 
flexible, ambiguous solutions: a tax on 
pollutant emissions, for example: 

— When we tax pollutants we attain 
some measure of understanding of the 
cost of our ideals, and we can adjust our 
goals according to our means. 

— The simplest, least costly ways of re¬ 
ducing pollution will be chosen first, so 
that as a whole we will be sure of achiev¬ 
ing most relief for least money. 

A curious anomaly, observed Dr. Hol¬ 
lomon: we profess to believe in a com¬ 
plex, decentralized economic system in 
which market forces determine price and 
demand determines supply; we seek to 
regulate it with centralized controls which 
promise to make complexity go away. 
The lesson is clear — no government can 
decide how resources are to be allocated 
to a free industrial system without jeopar¬ 
dizing that system’s freedom. — J.M. 
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When the earth’s magnetic field 
diminishes in intensity, auroral displays 
become far more spectacular—as has 
happened several times since man 
emerged. 
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Solar-Terrestrial Relations: 
Stone Age to Space Age 


We live in uninteresting times, at least with regard to 
heavenly phenomena. Compared to some earlier (and 
also some future) ages, our night sky is quiet and colorless 
over most of the earth. Of course we get our share of 
meteors and comets; and there are even places where al¬ 
most every night presents mobile color displays on a 
sky-wide scale. These special regions, forming bands be¬ 
tween 65“ and 75“ latitude in each hemisphere, are the 
domains of the aurorae borealis and australis — the 
northern and southern lights. The lower latitudes where 
most people live host auroral displays only rarely, but this 
was not always so in prehistoric times. Studies from the 
field of geology on the changes in the earth’s magnetic 
field in the past and studies from the field of space science 
on the way aurorae are produced have evolved to a point 
where they can now be combined to give a description of 
auroral phenomena over geological time. The results may 
have applications to studies of early man: in periods 
when the aurora was common in populated latitudes, he 
may have made it part of his religion and other aspects of 
his culture. 

Solar-Terrestrial Relations in Historic Times 
Most of the energy given off by the sun is sunlight — elec¬ 
tromagnetic radiation in the visible part of the spectrum 
— which drives the motions of the lower atmosphere and 
the oceans, and is the ultimate source of nearly all the 
energy used by man. It may seem anomalous, therefore, 
that the label “solar-terrestrial relations” has come to 
refer to ultraviolet. X-ray, and particle emissions from the 
sun, and their effects on the earth’s upper atmosphere. 
But the intensity of sunlight has been constant for at least 
the 70 years it has been measured, while solar-terrestrial 
effects vary in time. Also, whereas sunlight travels di¬ 
rectly from the sun to the earth, particles that make up 
the solar wind are ionized as they escape from the sun, 
and thus being electrically charged, suffer a complicated 
interaction with the earth’s magnetic field. Some of these 
particles finally enter the atmosphere along magnetic lines 
of force, and penetrate to about 100 kilometers above the 

The many forms, colors, and movements of auroral displays have 
attracted the interest and curiosity of mankind from prehistoric 
times to the present. These photographs by Professor Robert H. 
Eather of Boston College and George Cresswell, formerly at the 
University of Alaska, are part of a large collection assembled by 
Professor Eather; they have been chosen to suggest the variety 
of auroral forms and colors. Most were made on High-Speed 
Ektachrome film with diaphragm settings of f.1, exposures of one 
to five seconds. 


surface. In the process, they ionize and excite atmospheric 
gases — notably oxygen and nitrogen atoms — which 
then emit the characteristic light of the aurora. The vigor 
with which all this occurs depends on the level of solar 
activity — a level that increases and decreases in an 
11-year cycle, is commonly measured by the number of 
sunspots, and is accordingly called the sunspot cycle. At 
the peak of solar activity, the number of sunspots, the 
frequency of solar flares, and the number and severity of 
auroral and magnetic storms on earth all reach their 
greatest values. 

The region of space where the earth’s magnetic field 
controls the behavior of charged particles (the magneto¬ 
sphere) is a very dynamic place: solar events cause day- 
to-day changes, with the regular 11-year sunspot cycle 
determining the “seasons.” Thus, solar storms, their as¬ 
sociated magnetic and auroral events, and the sunspot 
cycle make up the history of solar-terrestrial relations. 
The following is a summary of this history. 

The earliest known reference to a sunspot is attributed 
to a student of Aristotle, Theophrastus of Athens (ca. 
370-290 B.C.). Chinese records note the occurrence of at 
least 112 outstanding naked-eye sunspots in the period 
28 B.C. to 1638 A.D. They were generally regarded as 
being heavenly comments on the affairs of state, as in this 
passage referring to an event in 374 A.D.: 

On a keng-yin day in the third month of the third year, 
two hei tzu [sunspots] of the size of duck’s eggs were ob¬ 
served. At that time the Emperor had already attained 
manhood, yet the Empress K’ang-Hsien, the sister-in-law 
of the Emperor, continued to attend to state affairs. This 
was against the Tao and hence defects were manifested by 
the sun. 

In the 1940s D. Justin Schove of St. David’s College, 
England, undertook a major search of the Oriental and 
Occidental historical records of sunspots and aurorae. He 
was able to locate the times and estimate the magnitudes 
of sunspot maxima for each cycle back to 300 A.D., and, 
with a few gaps, back to 649 B.C. The cycle had an aver¬ 
age period of 11.11 years, although the length of indi¬ 
vidual cycles varied from nine to 14 years. The maximum 
activity of each cycle varied considerably over the record. 
One curious situation occurred during the last half of the 
17th century when sunspots were so rare that the interval 
was dubbed “the great sunspot minimum.” For one of the 
cycles in this period, sunspots were essentially absent. 
The most recent cycle, with its maximum in 1969, was 
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Solar and geomagnetic variations over the past 20 million years 
are shown in five telescoping steps. Top field: sunspot numbers 
from 1755 to 1969 A.D. reveal the 11-year sunspot cycle. Second 
field: auroral activity on a relative scale that compares the maxima 
in each sunspot cycle since approximately 600 B.C. as compiled by 
0. J. Schove. Third, fourth, and fifth fields: paleomagnetism as 
measured in deep-sea cores by N. 0. Opdyke. The third field re¬ 
cords paleomagnetism over the past 27,000 years. The fourth re¬ 
cords paleoinclination — the angle that the field makes with the 
ground at the location of the core. The rightmost two-thirds of the 


near the middle of the range of aaivity established by ear¬ 
lier cycles. However, the previous cycle, with its max¬ 
imum in 1958, was the most active in nearly 200 years. 

The continuous rhythm of the solar cycle is punctuated 
by individual solar storms. They have caused many ex¬ 
ceptional auroral displays in historic times. The earliest 
references to aurora, according to some interpretations, 
are three passages from the Old Testament: Jeremiah 
1:13 (626 B.C.); Ezekiel 1:1-28 (593 B.C.); and Zac- 
hariah 1:8 (518 B.C.). The entire first chapter of Ezekiel is 
a fairly obvious supernatural interpretation of an ani¬ 
mated auroral display: 

.. . the heavens were opened... a whirlwind came out of 
the north, a great cloud, and a fire enfolding itself... 
[living creatures appeared] their appearance was like the 
burning coals of fire, and like the appearance of lamps; it 
went up and down among the living creatures; and the 
fire was bright, and out of the fire went forth lightning. 
And the living creatures ran and returned as the appear¬ 
ance of a flash of lightning. 

To one familiar with the antics of aurorae, this 
metaphorical construction seems nearly perfect. (It must 
nevertheless be admitted that some regard an explanation 
in terms of visiting gods from outer space as being more 
reasonable.) 

Greek accounts begin with Anaximenes (middle and 
latter part of the sixth century B.C.) and include discus¬ 
sions by Anaxagoras (born about 500 B.C.) and Aristotle 
(387-322 B.C.). In Roman times, aurorae are mentioned 
by Cicero (106-43 B.C.), Livy (59 B.C.-17 A.D.), and 
Seneca (4 B.C.-65 A.D.). Those seen in low latitudes are 
commonly red, and consequently, when they appear on 
the horizon, were often mistaken for a major 
conflagration. According to Seneca this happened in 
Rome in the time of Tiberius (37 A.D.), when 

. .. the cohorts hurried to the succor of the colony of 
Ostia, believing it to be on fire. During the greater part 
of the night the heaven appeared to be illuminated by 
a faint light resembling a thick smoke. 

Even as recently as 1938 in England, an aurora caused 
the dispatch of fire brigades to extinguish a non-existent 
fire at Windsor Castle. A red aurora was probably the 
“blood-colored spectacle” of 349 B.C. referred to by 
Pliny the Elder as “a terrible portent, a conflagration fall¬ 
ing earthward.” In most of Europe and China, aurorae 


curve cover the so-called Brunhes normal epoch, which began 
700,000 years ago and is continuing. In this period, the dipole has 
generally retained its present orientation, though there have been 
several "brief” excursions, the most recent of which is the 
Laschamp event, occurring in Paleolithic times. The fifth field 
shows paleointensities in a core that records magnetic history 
from the Brunhes epoch back in time to polarity epoch 11, dated 
at around 20 million years ago. Large decreases in this curve 
correspond to dipole polarity transitions. 


were omens of unpleasant things to come. From China, 
309 A.D., we have: 

On a i-hai day in the eleventh month of the third year of 
the Yung-Chia reign-period of [the Emperor] Huai-Ti, 
two white belt-like vapours appeared, one in the south 
and one in the north. They started from the ground and 
ascended the heavens penetrating into [the constellation] 
Fa [in Orion]in Shen [2Isf lunar mansion]. A great battle 
could be expected. 

In 793 we find what is perhaps the earliest known men¬ 
tion of an aurora in England: 

This year dire forewarnings came over the land of the 
Northumbrians and miserably terrified the people; there 
were excessive whirlwinds and lightnings and fiery 
dragons were seen flying in the air. 

A Czech manuscript from 1571 states: 

Fiery pillars were observed above the town of Domazlice 
about the third hour of the night, and a dragon flying in 
the air above the whole town from the lower to the upper 
gate and even beyond the town. I have read somewhere 
and I was told by my grandparents that this presages 
murders, fires, and other disastrous events. 

In spite of the sunspot drought during the last half of 
the 17th century, aurorae were observed in England in 
1661. These and other portents of the time were collected 
and distributed by opponents to the Restoration of 
Charles II (1660) to create the impression that God also 
disapproved. A tract commenting on an aurora seen in 
Wales in December, 1661, predicted 

.. . the destruction of the King, lawyers, clergy, and citi¬ 
zens of London, with an incitement to the wholesale 
slaughter of all ruling classes and to firing the city. 

The first scientific text to include a discussion of au¬ 
rorae since the time of Aristotle was written by the French 
mathematician and astronomer Gassendi (1592-1655), a 
contemporary of Galileo. He observed a major display in 
southern France on September 12, 1621, and gave it the 
name “aurora borealis” — northern dawn. Except for 
Gassendi, general scientific interest in the aurora in Eu¬ 
rope and America began in the 18th century: Edmund Hal¬ 
ley (of comet fame) and Benjamin Franklin contributed 
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The earth's magnetosphere — the region of space where our 
planet's magnetic field influences the motion of charged particles 
that escape from the sun. At the left of the diagram, the solar wind, 
composed of such particles, impinges on the magnetosphere, 
creating a shock wave. A small fraction of the particles are cap¬ 
tured and become part of the plasma sheet, known to extend past 
the earth for at least 380,000 kilometers. From this reservoir, parti¬ 
cles rain down Into the earth's atmosphere to create auroral dis¬ 


plays. The high-latitude borders of the auroral zones are deter¬ 
mined by the outer limits of the plasma sheet; the low-latitude bor¬ 
ders are related to the position of another particle reservoir, the 
plasmasphere, this one containing charged particles that escape 
from the earth's Ionosphere. The plasmasphere forms a limit to the 
earthward motions of the edge of the plasma sheet, and hence to 
equatorward motions of auroral displays during solar disturbances. 


to the scientific literature on the aurora; a fairly complete 
chronology of auroral displays exists from about 1700; 
and beginning about 1850, essentially continuous mag¬ 
netic observations of the earth’s field were also made. 
Since then, about a dozen magnetic storms have produced 
aurorae visible in the tropics. One of the greatest oc¬ 
curred on September 1, 1859, and was observed in Hon¬ 
olulu, Jamaica, Cuba, Guadalupe, Santiago, and Sydney. 
It followed by less than a day the first observation of a 
solar flare, presumably the source of the disturbance. The 
flare was seen against the total white light of the sun, 
which is a rare event; most flares are made visible only by 
filtering out all of the light except for a narrow spectral 
region in which the flare emission is concentrated. Tele¬ 
graph communications were disrupted in France, where 
an account of the storm effects stated that “when the 
cable was isolated and a conducting substance presented 
to it, it gave off vivid sparks.” In other places telegraph 
communications were aided: for about two hours it was 
possible to send messages between Boston and Portland, 
Maine, without any battery, using only the storm-induced 
current (Yankee ingenuity). 

The best documented of the great storms came on Feb¬ 
ruary 4, 1872. Aurorae were seen in Bombay, Egypt, 
Santo Domingo, Guatemala, the West Indies, and the is¬ 
lands of Reunion and Mauritius. It happened that the 
peak of this storm occurred during nighttime in Europe. 
The sky became bright with activity from Sicily to Scan¬ 
dinavia and from Ireland to the Ukraine. Disruption of 
telegraphic communication was extensive and nearly 


total. More recent storms have produced aurorae closer 
to the equator. During an intense magnetic storm on Sep¬ 
tember 25, 1909, aurorae were observed at Singapore (1° 
North) and Batavia (6° South). On May 13, 1921, they 
were seen at Samoa (14° South) and Tongatabu (21° 
South). 

As a final example, we jump to August 5, 1972, half¬ 
way through a six-day period of major eruptions on the 
sun. The resulting geophysical effects were not so great as 
the other storms mentioned; aurorae were seen only as 
far south as Washington, D.C. Still, this storm is impor¬ 
tant because it came at an unexpected time — three years 
after sunspot maximum — and at a time of unprec¬ 
edented capability to study such an event. Ground-based 
instruments measured the sun, the magnetic field, the au¬ 
rorae, and numerous ionospheric and atmospheric 
parameters; earth-orbiting satellites measured the sun in 
wavelengths not seen from the ground, and also energetic 
particles, the solar wind, and the magnetic field; a satellite 
orbiting the moon and instruments on the moon meas¬ 
ured particles and fields. At the same time. Pioneer 10, 
on its way to Jupiter, was in the asteroid belt, more than 
twice as distant from the sun as earth. Its instruments 
measured a magnetic field one hundred times stronger 
than normal; and the solar-wind detector saturated. If 
these solar events had occurred during an Apollo lunar 
mission, the total radiation dosage would have been 
lethal to all astronauts in the lunar module, and lethal 
with a 20 per cent probability in the command module. 
On earth, the magnetic storm disrupted trans-Atlantic 
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The energy of the sun radiates into space 
as visible light (in a wide range of 
wavelengths ranging from infrared to 
ultraviolet), plasma particles (the solar 
wind, which is the principal subject of this 
article), and x-rays and other products of 
nuclear interactions which occur in the 
sun’s environment. Most of the latter are 
lost in the intervening space or in the outer 
portion of the earth's atmosphere: hence 
the interest in photographs such as this 
showing the soft (low-frequency) x-ray 
radiation from the solar corona as seen 
from above the earth's atmosphere by the 
Skylab solar observatory on May 28, 1973. 
(Photo: N.A.S.A. and American Science 
and Engineering, Inc.) 


cable operation, shut down a power-line transformer in 
Minnesota, and caused the explosion of a 230-kilovolt 
transformer in British Columbia. We can only wonder 
about the consequences in today’s world of a storm such 
as that of February 4, 1872. 

The Paleomagnetic Record 

What determines where aurorae will be seen? Of course 
the strength of the solar event has something to do with 
it, but the main agent in controlling where and how much 
is the earth’s magnetic field. Geological research in this 
century has shown that this field varies, and with it the 
solar-terrestrial effects that it controls. To determine the 
past extent of auroral activity, we must therefore look at 
the geological history of the earth’s geomagnetic dipole. 

Evidence accumulated especially over the last two dec¬ 
ades shows that the dipole axis almost always stays ap¬ 
proximately parallel to the rotational axis of earth, but 
with a misalignment whose present 11° value is about av¬ 
erage. The dipole now points south, but the field goes 
through cycles in which this direction reverses. The time 
between reversals is very irregular, being on average from 
100,000 to 300,000 years — vastly longer than the 
11-year solar cycle. Between reversals, the dipole strength 
oscillates on a shorter, approximately 10,000-year time 
scale, still long compared to a solar cycle. The earliest 
date for which the strength of the earth’s dipole was cal¬ 
culated using direct measurements was 1835; the field 
was then six per cent greater than it is now. Since 1835, 
the measured rate of decrease has been very steady, and if 


it continues at the same rate, the field strength will reach 
zero in a little more than 2,000 years. However, on aver¬ 
age there are about 20 major oscillations of dipole 
strength for every field reversal. Thus there is about one 
chance in 20 that the present trend will continue through 
zero. 

Information on ancient behavior of the geomagnetic 
field comes from measurements of fossil magnetism in 
various geological and archeological materials. Volcanic 
lava, sediments forming the floors of lakes and oceans, 
and bricks of ancient fireplaces all acquire a permanent 
magnetic field when they are created, depending on the 
magnetic properties of the material and on the strength 
and direction of the geomagnetic field at the time and 
place of formation. Use of these techniques has given us 
knowledge of the field’s oscillations for nearly 10,000 
years: looking backward, we find that the dipole reached 
a maximum around 600 A.D., descended to a minimum 
about 3500 B.C., turned around and was still ascending 
when the continuous record leaves off at 6500 B.C. 

For exploring longer periods of time, the cores of bot¬ 
tom sediments returned from oceanographic expeditions 
are especially valuable. Since the sediments are slowly 
and continually forming, each core gives a continuous 
history of the earth’s field at the core site. By this and 
other techniques that use the continuous spreading of 
ocean floors (the oceanic equivalent of continental drift), 
the pattern of field reversals is known for the last 70 mil¬ 
lion years. Reconstructing the strength of the field, how¬ 
ever, is more difficult. Still, a statistical analysis by M. 
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Kono of all available values of paleointensities covering 
the last 10 million years shows a roughly Gaussian dis¬ 
tribution — that is, a familiar bell-shaped curve. The av¬ 
erage of all values corresponds to a dipole strength 11 per 
cent greater than the present value. Over the last 10 mil¬ 
lion years the earth’s dipole has apparently been greater 
than twice its present value for more than 500,000 years 
and less than half its present value for a similar length of 
time. For a total of about 100,000 years the dipole was 
about one-tenth of the present value. 

Contributing heavily to the low end of the distribution 
are the more than 30 field reversals that occurred during 
the last 10 million years. For the study of solar-terrestrial 
relations, these are important events in the earth’s his¬ 
tory. Each reversal occupies a geologically short period of 
time, typically a few thousand years. This makes analysis 
of what happens during a transition difficult, and some 
differences of opinion exist over details. However, a 
model based on studies of ocean cores by N.D. Opdyke 
and co-workers applies to at least three reversals bound¬ 
ing long intervals during which the polarity appears to 
have remained unchanged. The reversals begin with a de¬ 
crease in dipole strength and a simultaneous motion of 
the poles to lower latitudes. By the time the poles reach 
equatorial latitudes the dipole field is smaller than the 
non-dipole components of the field, which do not change 
during a reversal. They essentially determine the 
minimum value that the earth’s field will reach, and this is 
typically 10 to 20 per cent of the normal dipole field. The 
interval in which the dipole swings across the equator and 
the non-dipole components dominate is very short, 
perhaps only a few hundred years. The reversal ends with 
the poles reaching high latitudes and the field strength re¬ 
stored. 

The time between reversals is highly variable. Early 
studies identified relatively long intervals, on the order of 
one million years, in which one polarity dominated. Sub¬ 
sequently these interals have been populated by numer¬ 
ous shorter periods of opposite polarity, the shortest of 
which amount to no more than twitches a few thousand 
years in length, during which the field goes from domi¬ 
nant to opposite to dominant polarity again. The present 
southward-dominant interval began 700,000 years ago, 
but at least four twitches have occurred in this period. 
They came around 300,000 years ago, 190,000 years 
ago, 110,000 years ago, and between 10,000 and 30,000 
years ago. The most recent of these is most likely a pair of 
events, one at around 30,000 years, the Lake Mungo 
(Australia) event; and one at around 12,000 years, the 


Laschamp (France) event — both named after the loca¬ 
tions where they were first detected. Both occurred in re¬ 
cent prehistory — the Upper Paleolithic — and must have 
produced night-sky phenomena that fascinated many 
generations of Stone Age man. 

The Aurora Machine 

The paleomagnetic record clearly delimits the task for 
space science: to predict the magnitude of solar-ter¬ 
restrial relations in the past, any theory must cover a 
range of dipole strengths from 0.1 to three times the pres¬ 
ent value, and consider what happens when the earth’s 
field is non-dipolar. And to determine where aurorae 
were seen in the past, we must look next at what is 
known about how aurorae are produced in the present. 

We may think of the earth’s magnetosphere as an au¬ 
rora machine. It accepts as raw material a certain portion 
of the solar wind, processes it internally, stores it for a 
while, and then delivers a product in the form of aurorae 
to the upper atmosphere. Satellite observations over more 
than a decade have provided a nearly complete blueprint 
detailing the parts and structure of the machine. There is 
also a pretty good phenomenological understanding of 
how it works, although theoretical understanding is in¬ 
complete. We will describe some of the relevant results 
from space research, starting with the properties of the 
raw material. 

The solar wind consists mainly of protons and elec¬ 
trons in equal numbers, the fragments of atomic hydro¬ 
gen ionized in the solar corona, streaming away from the 
sun at speeds between 300 and 600 kilometers per sec¬ 
ond. At the distance of earth from the sun, the tempera¬ 
ture of the solar wind is between 10,000 and 100,000 de¬ 
grees Kelvin and the density is typically in the range of 
one to 30 protons (or electrons) per cubic centimeter. The 
velocity is normally about ten times the speed of sound. 
An important additional feature of the solar wind is the 
magnetic field it carries along with it. Originally part of 
the solar field, this field is in effect trapped by the highly 
conducting solar wind as it escapes from the sun. 

The earth’s magnetic dipole acts as an obstacle to the 
solar wind, and the resulting impact compresses and 
confines the earth’s field to the region known as the mag¬ 
netosphere. The boundary between the solar wind and 
the magnetosphere, the so-called magnetopause, begins 
about 10 earth radii closer to the sun than the earth, and 
extends comet-like past the earth for at least 500 earth 
radii. Since the solar wind flow is hypersonic, a perma¬ 
nent shock wave exists upstream from the magnetopause; 
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The earth's present magnetic field, with the 
dipole component subtracted out. What re¬ 
mains is a complicated multipole pattern, 
seemingly random. The pattern may be 
typical of the earth's total field when the 
dipole strength diminishes, as happens dur¬ 
ing a polarity reversal. Such a circumstance 
seemingly would allow charged particles 
access to the atmosphere over much of the 
earth's surface, and consequently would re¬ 
sult in nearly ubiquitous auroral displays. 
The magnetic multipole pattern shown here 
is that of late June, 1960; the earth is shown 
with 100° E. longitude at the center of the 
disc. 


it resembles that formed in a wind tunnel when super¬ 
sonic flow encounters a long, blunt object. The shock 
slows and heats the solar wind to a temperature near one 
million degrees Kelvin, and the hot, compressed gas then 
flows around the magnetosphere. In the process, a small 
fraction of the gas is captured and becomes part of a large 
reservoir of energetic particles. The temperature of the 
gas in this reservoir, which is called the plasma sheet, lies 
between 10 and 100 million degrees Kelvin. 

The plasma sheet has a peculiar geometry within the 
tail of the magnetosphere. In the plane of the earth’s 
equator it completely crosses the tail, and extends down¬ 
wind at least 60 earth radii, the limit of present observa¬ 
tion. However, in the north-south direction it is sharply 
bounded inside the tail, so that it forms a long, equatorial 
slab of hot, ionized gas. The magnetic field in the plasma 
sheet connects back to the earth, and aurorae result when 
the energetic electrons stored in the plasma sheet rain 
down into the atmosphere along field lines. Auroral 
zones, in other words, are the mapping of the plasma 
sheet onto the atmosphere along field lines. The nearly 
particle-free regions between the boundaries of the 
plasma sheet and the magnetopause also map onto the 
atmosphere — specifically onto high latitudes where, as 
at low latitudes, aurora are not often seen. As for the 
equatorial limits of an auroral display, that border maps 
out along field lines to the earthward edge of the 
plasma sheet, which typically lies between 8 and 11 
earth radii from earth in the equatorial plane. 

During magnetic disturbances, the plasma sheet moves 
closer to the earth, corresponding to an equatorward mo¬ 
tion of the aurora. The earthward motion of the plasma 
sheet stops, however, at the boundary of another major 


particle regime of the magnetosphere. This regime, called 
the plasmasphere, is simply the extension of the earth’s 
ionosphere into space. It is composed of ionized atoms, 
mainly hydrogen, from the earth’s atmosphere, and com¬ 
pared to the plasma sheet it is cold and dense. An interest¬ 
ing and unexpected feature of the plasmasphere is that it 
has a fairly sharp outer boundary called the plasmapause, 
whose shape conforms to the geometry of the earth’s di¬ 
pole magnetic lines of force. Its distance from the earth in 
the equatorial plane is five earth radii on average. Away 
from the equator, it curves earthward along the magnetic 
field lines and reaches the top of the ionosphere at an av¬ 
erage latitude of 63 degrees. Thus the plasmasphere has 
the shape of a doughnut with the earth filling the hole in 
the middle. 

The sharp outer boundary of the plasmasphere is due 
to a wind in the magnetosphere that sweeps away parti¬ 
cles; the plasmapause simply marks the distance at which 
this wind removes particles faster than the ionosphere 
produces them. The wind in the magnetosphere is driven 
by the solar wind in a manner similar to the way in which 
atmospheric wind drives ocean currents; an even closer 
analogy is the internal eddy circulation in a rain drop 
produced by friction with the air through which it falls. 
The strength of the frictional contact between the solar 
wind and the magnetosphere, and hence the strength of 
the magnetospheric wind, turns out to depend on the 
orientation of the solar wind’s magnetic field relative to 
the orientation of the earth’s dipole. When the two hap¬ 
pen to be parallel the frictional coupling is strong, and in 
the antiparallel case it is nearly zero. Intermediate cases 
give intermediate coupling. 

Theoretical understanding of this process is good 
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enough to allow calculation of the plasmapause position 
given only the solar wind’s flow speed and magnetic field. 
Thus both the polar and equatorial borders to our 
planet’s auroral zones can be predicted for an arbitrary 
strength of its dipole, the first from the outer boundaries 
of the plasma sheet and the second from the position of 
the plasmapause. Another useful quantity to know is the 
amount of energy coming into the magnetosphere from 
the solar wind; the more energy, the more spectacular the 
auroral display. This energy also derives from the fric¬ 
tional coupling, and therefore depends on the speed and 
magnetic field of the solar wind. 

The Paleomagnetosphere 

Our brief look at the structure and workings of the mag¬ 
netosphere shows that the latitudinal bands within which 
the aurora appears depend on the strength of the earth’s 
dipole, and hence are subject to long-term variations as 
the dipole strength varies. But, as described earlier, there 
are also the much shorter variations caused by distur¬ 
bances of the solar wind — disturbances characterized by 
high wind speeds and intense, turbulent magnetic fields, 
which guarantee strong coupling to the magnetosphere 
and consequent magnetic and auroral storms. It is now 
possible to determine and compare the ranges of varia¬ 
tion due to long-term, earth-generated and short-term, 
sun-generated causes. The long-term part has already 
been mentioned; it can be extracted from the record of 
fossil magnetism. To represent the short-term part, statis¬ 
tics on the solar wind from 1966 through 1969 have been 
compiled. Available data from other years since 1961 in¬ 
dicate that the chosen period is representative of the rest. 

The results, shown on page 29, can be summarized as 
follows. In response to solar-wind variations, the mag¬ 
netopause may vary in position by as much as 10 per cent 
of its average, and the plasmapause by 25 per cent of its 
average. On rare occasions, 50-per-cent excursions from 
the average position occur in the magnetopause distance, 
and even larger percentage excursions in the plasmapause 
distance (the latter are not shown in the figure). Over far 
longer periods of time, the sizes of the magnetosphere and 
plasmasphere increase and decrease with the strength of 
the dipole moment. For dipole strengths between two and 
three times the present value, the plasmapause frequently 
extends beyond the distance (6.6 earth radii) at which the 
centrifugal and gravitational forces cancel on a body that 
co-rotates with the earth. Beyond this distance, a co¬ 
rotating mass such as a charged particle in the plasma- 
sphere would escape unless restrained by something other 
than gravity. In the case of the plasmasphere, the restrain¬ 
ing force is provided by the earth’s magnetic field, whose 
lines of force are stretched like rubber bands to provide 
the restraining force against the outward sling of the 
plasma. If the dipole strength increases sufficiently, the 
stretching of the magnetic field produces a disc-shaped 
distortion in the equatorial plane, where the centrifugal 
force is strongest. An extreme distortion of this type was 
discovered at the planet Jupiter by the Pioneer 10 and 11 
spacecraft, and has been dubbed a “magnetodisc.” In the 
direction of smaller dipole strengths, the average size of 
the magnetosphere shrinks. The plasmasphere also 
shrinks, but more slowly, such that for a dipole strength 
at approximately two per cent of the present value the 
plasmasphere on average fills the magnetosphere. 

These facts have implications for auroral phenomena. 
The range of frequent auroral occurrence moves pole¬ 



ward for increasing dipole strengths and equatorward for 
decreasing strengths. Further, during times of significant 
magnetic disturbance, the latitudinal width of the auroral 
regions is greater for small dipole strengths. A calculation 
shows that at the latitude of Boston, aurorae would be 
present more than a quarter of the time (that is, on more 
than 91 nights of the year) when the dipole strength is a 
tenth of its present value. Aurorae are now observable in 
Boston on an average of five nights per year. 

Aurorae, then, are more frequent and geographically 
more widespread when the earth’s dipole is weak. At the 
low end of observed dipole strengths, the auroral zones 
occupy a latitudinal band through all of Europe. 
Moreover, the low end of the range can be associated 
with field reversals during which the magnetic poles move 
equatorward, bringing the auroral zones to even lower 
latitudes. In the middle of such a reversal, the non-dipolar 
field dominates, but the subject of non-dipolar magneto¬ 
spheres is as yet unexplored. Still, the present non-dipolar 
field is probably representative of such a situation. A pic¬ 
ture of the magnetic field lines from the earth with the di¬ 
pole component removed shows a complicated pattern 
asymmetric both in latitude and longitude. Since the field 
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The movement of the plasmapause and 
magnetopause (left chart) and of the earth's 
auroral zones (right chart) as the strength of 
the earth's magnetic field changes. The 
plasmapause — the outer boundary for 
charged particles from the ionosphere — 
and the magnetopause — the outer bound¬ 
ary for interactions between the solar wind 
and the earth's magnetic field — both shrink 
toward earth when the planet's magnetic 
field diminishes in strength, and expand 
when the field strength increases. For a field 
strength somewhat more than double its 
present value, the plasmapause tends to lie 
beyond the so-called distance of synchro¬ 
nous orbit, at which any particle in gravita¬ 
tional orbit around the earth (for example, 
several weather and communication satei- 
lites) will remain motionless relative to the 
surface. When charged particles move 
beyond this distance, the earth's magnetic 
field is distorted into a disc-like shape simi¬ 
lar to that recently discovered at the planet 
Jupiter. The changes displayed in the left 
chart produce changes in the auroral zones; 
as shown at the right, those zones move 
equatorward as the magnetic field strength 
diminishes. Such field shrinkage is as¬ 
sociated with periods during which the po¬ 
larity of the earth's dipole flips. It did so in 
Paleolithic times, and the chart accordingly 
suggests that Stone Age man in European 
latitudes witnessed frequent auroral 
displays. 


is in general weak and the pattern contains many poles 
(while the dipolar field, of course, contains only two) the 
total area over which particles gain access to the atmos¬ 
phere should be quite large, and regular auroral displays 
over most of the earth seem guaranteed. 

Implications for Archeology 

The Laschamp and Lake Mungo events occurred some¬ 
where in the intervals designated by archeologists as 
Upper Paleolithic — that is, between 10,000 and 30,000 
years ago. This period coincides very nearly with the time 
when cave-wall paintings and sculpted figurines were 
being produced by Cro-Magnon man in France and 
Spain. Abundant artifacts from this era exist, many as yet 
uninterpreted. The possibility that any of these represent 
Ice Age impressions of the aurora from the time when au¬ 
rorae made nightly displays in these regions should be 
considered. 

Some insight into the forms that auroral representa¬ 
tions might take comes from the study of folk traditions 
among the natives of arctic regions, to which the northern 
lights have largely been confined in historic times. There 
is a fortunate coincidence here in that Eskimo cultures 


bear similarities to what is known of Stone Age cultures, 
and lines of direct cultural descent have been suggested. 
Arctic traditions regarding the aurora are remarkably 
alike: rather than being omens, as they are in mid¬ 
latitudes, aurorae are the spirits of people who have died. 
Not all spirits flicker in the heavens: for the Eskimos of 
Canada and the Hudson Bay area, aurorae are the spirits 
of those who have died a voluntary or a violent death. For 
certain Indians of the northern Pacific coastal area, and 
also for certain Siberian Eskimos, the aurora borealis is 
the home of those who die a violent death. The Lapps of 
Finland and northern Russia speak of the aurora borealis 
as “the dead in battle” and as “the spirits of the mur¬ 
dered.” These beliefs are helped by the lower borders of 
aurorae frequently being red, suggesting bloodshed; but 
they are relieved by a belief from the western coast of 
Norway, where the aurora is said to be “the unmarried 
maidens dancing.” It is their way of existence after death. 
In most of these traditions, aurorae are the spirits of peo¬ 
ple who distinguished themselves in some way that was 
beneficial to their group. For one’s spirit to join the au¬ 
rora is generally considered an honor. 

The contemporary supersitions from auroral regions 


Technology Review, January, 1976 35 






Aurorae over western and eastern North America, as photo¬ 
graphed from an altitude of atx>ut 830 kilometers by an Air Force 
satellite on midnight of January 5, 1973. The aurorae occupy a 
latitude band with an equatorward border, on this night, at about 
60° N. Also visible in the infrared wavelengths recorded here are 
population centers in the United States. 
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suggest reasons why Stone Age man might have made ar¬ 
tifacts depicting auroral forms. If the frequent occurrence 
of aurorae gives rise to traditions in which spirits are em¬ 
bodied in auroral forms, then depictions of aurorae can 
play the role of spirit totems in religious, magical, or 
other cultural rituals. Physically durable symbols of au¬ 
rorae could guarantee the recipient distinction after 
death. Post-mortem rituals for the same purpose are pos¬ 
sible. The use of artistic representations of aurorae is ob¬ 
vious for sympathetic magic, in which the artist believes 
that he gains control over the objert depiaed. 

Where might examples of such representations be? 
They could be present but unrecognized in the known ar¬ 
tifacts. Among the possibilities are the serpentine mean¬ 
ders or “macaronis” found on rocks, in habitation sites, 
and on cave walls from Cro-Magnon times. These seem¬ 
ingly meaningless doodles resemble nothing we normally 
associate with Stone Age existence, and they have gone 
uninterpreted. The most dramatic of them are found on a 
ceiling deep in the cave of Rouffignac in France. Here 
lines drawn in red clay by the fingers of many different 
people resemble the folded-curtain patterns of aurorae. 
Perhaps geology and space physics will have an offspring 
in the field of archeology. 
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Bringing Logic to Urban 
Transportation Innovation 


Urban transportation is in a state of crisis, with air pollu¬ 
tion, traffic jams, and huge transit deficits only a few of 
the symptoms. We must find ways to significantly lower 
the cost of urban travel both to users and society, and 
there are no easy off-the-shelf ways to do this. 

In this article I hope to show how to respond sensibly 
to these problems, by presenting logical performance 
specifications for future transportation systems. While 1 
certainly don’t suggest that we stop work on current 
transportation projects, we must see the definite short¬ 
comings to some “easy technological fixes” that have 
been suggested. Such fixes may not meet the demand for 
urban transportation, return their financial and social in¬ 
vestment, or even be sound technology. I hope to show 
where this is the case. 

Transportation in the U.S. today is a “big ticket” item. 
Total transportation expenditures have claimed almost 
20 per cent of the total G.N.P. for the last decade, and 
urban transportation accounts for just under half of this 
expenditure. Obviously, innovation in such a substantial 
area of the economy will have far-reaching consequences. 

Until recently, most government action in urban trans¬ 
portation has been in response to real or perceived 
changes in the market demand for each transportation 
subsystem. The government has limited itself to aiding 
growth, as in the case of the private automobile-highway 
system, or attempting to stimulate growth, as in the case 
of urban public transportation. But yesterday’s logic no 
longer matches today’s national concerns. Operators of 
private vehicles do not pay the real costs, to individuals 
and the country, of the energy shortage and air-quality 
degradation that they help incur. 

Government programs to aid both public and private 
transportation are now in serious trouble. New urban 
expressways have been blocked by controversy in almost 
every major city. As deficits for urban mass transit sys¬ 
tems skyrocket, the public and their administrators are 
quickly realizing that only higher fares or controls on 
private auto use, and not more miles of track, will lower 
these deficits. 

There are signs of improvement in the urban mass 
transit situation. The “energy crisis” may change the tra¬ 
ditional low public opinion of the value of urban transit. 
And in the near future, the necessity to restrict use of 
private vehicles may increase public appreciation of pub¬ 
lic transportation even further, and create a politically 
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acceptable climate to raise transit fares. (Tax credits to 
lower-income transit riders would help resolve the ineq¬ 
uities caused by higher transit fares.) New transit riders, 
reluctantly diverted from private autos because of energy 
use restrictions, could add enough revenue to make up 
the remaining transit deficits. 

But as promising as such transit scenarios seem, they 
are only conjecture and, more importantly, do not direct 
themselves to the primary function of urban transporta¬ 
tion, and how well that function is being served today. 

The City and Transportation 

The function of city transportation is to overcome urban 
space, and the function of cities, in turn, is to reduce the 
need for transportation. As long as transportation costs 
are less than the benefits, transportation helps cities to 
maintain the economic and social interdependence which 
distinguishes them from more isolated rural areas. 

Over the last half-century, the perceived cost of trans¬ 
portation to urban consumers has declined, and cities 
have spread out, resulting in increases in space and pri¬ 
vacy for most urban residents and increased land availa¬ 
bility for more efficient horizontal manufacturing proc¬ 
esses. Cities are definitely in what William Garrison of the 
University of California at Berkeley calls the third stage of 
innovation as regards the private car: 

The first stage of innovation typically occurs when an 
invention performs an existing function better than be¬ 
fore. The early motor car was faster and pulled more 
weight (on dry roads) than the horse. But its function was 
the same as that of the horse. In the second stage of 
innovation, the invention is improved and new uses are 
found for it. In the motor car’s case self-starters were 
developed, vehicles were adapted to move goods as well 
as people, and chauffeurs were added to create the urban 
motor bus. In the third stage of innovation the structure 
of the surrounding system — in this case, the city — 
adapts so that the innovation can perform at still lower 
cost and increasing gain to individuals. 

Cities have been changing rapidly to meet the motor 
car’s needs. In U.S. cities, the private automobile is re¬ 
sponsible for about 95 per cent of all person-trips. The 
structure of our cities has changed to allow the au¬ 
tomobile to operate more effectively — with more dis¬ 
persed residential patterns, longer and less dense travel 
corridors, and cheaper land for wider streets being only a 
few examples. But such changes also mean that 
fixed-route and schedule transit services operate less ef¬ 
fectively! The spoke-like transit routes radiating out of 
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We must develop automated guideways carrying 
dual-mode vehicles at fraction-second spacing 
if we are to improve urban transportation significantly. 


the city no longer serve the bulk of travel patterns in 
today’s cities, when citizens desire easy access throughout 
the urban grid. 

The very success of the automobile has created prob¬ 
lems which lead to much of the use of other forms of 
transportation. The central business districts (cbds) of 
major cities are now the overwhelming market for transit. 
In the CBD “overconsumption” of the auto has led to high 
parking fees and traffic congestion. Private vehicle users 
pay these costs to gain “free” movement; and CBD-bound 
travelers avoid them by using public transit. Still other 
travelers — the poor, the elderly, the young, and the 
handicapped — have no access to a car for either cbd or 
non-CBD trips, and must also be served by urban transit. 

Social Costs Must Be Lowered 

To some, logical urban transportation improvements 
don’t solve just mobility problems; they solve urban de¬ 
velopment problems. But since most people admit lack of 
agreement on urban development goals, there is obvi¬ 
ously going to be great uncertainty underlying recom¬ 
mendations for urban transportation based on such 
goals. One alternative, therefore, is to proceed incremen¬ 
tally to attack little transportation bottlenecks without an 
overall plan — essentially the situation today in our cities. 
Or, planners can examine the criteria governing current 


urban transportation decisions to see if any system, exist¬ 
ing or potential, can lower both travel costs and social 
costs of urban transportation. 

Unquestionably, any logical future urban transport sys¬ 
tem must lower the social costs of urban transportation 
drastically. Highway builders, accustomed to building 
through open land, made the major mistake of ignoring 
such costs in the cities. Their urban expressways have 
become stalled in controversy over such “indirect” costs 
as residential and business disruption, and air and noise 
pollution. The urban highway system appears to have 
reached the limit of its physical capacity. At considerable 
expense, some increases in network capacity can be ob¬ 
tained by better utilizing existing networks by mandatory 
routing. However, capacity increases from such systems 
will be limited compared to those that might have been 
available from new expressways. 

Government Must Not Compound Problems 
The government’s response to such pressures is to reduce 
the use of motor vehicles, but in ways that may work 
against the cities’ traditional function of reducing the 
need for travel. The same government which, until re¬ 
cently, aided growth in private car travel, now, under the 
Clean Air Amendments of 1970, wants to reduce 
passenger-car mileage in some urban areas substantially 



■ARRiee BAtsep IN 

<6UII»WAV UNTIL 
venCLC IS cuEAiteo 


Before entering an 
automated expressway, a 
private vehicle would 
undergo a vehicle check 
in which the guideway 
could "tell" an onboard 
computer the directions to 
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A dual-mode version of 
the Ford Mustang, 
developed by Professor 
Dwight Baumann of 
Carnegie-Mellon 
University, now runs 
along a test track near the 
university campus. 
Guidance on the 
automated guideway is 
accompiished by means 
of the arm shown behind 
the front wheel. (All 
drawings by Scott 
Danielson, from Project 
Metran Report, M.l.T. 
Press, 1966). 



by 1977. They assume that public transit and car-pooling 
will take the place of drive-alone auto travel in these 
areas, leaving the economic activity at either end of the 
trip unaffected. 

Unfortunately, travel behavior is more complex. People 
change their travel decisions, not only in what mode they 
use, but also in the dimensions of where they go and bow 
often. For some important types of trips, our preliminary 
evidence indicates travelers are far more likely to choose 
another destination than another mode of travel, when 
entry into certain areas of cities is restricted or made more 
expensive. Thus, proposals to reduce the 95 per cent of 
urban travel now served by private cars may cause serious 
distortions and diseconomies which only compound the 
original problem. 

The Environmental Protection Agency, under pressure 
from Congress, has recently dropped most disincentive 
plans for private auto travel in built-up areas, and substi¬ 
tuted only mild incentives for ride-sharing. While this has 
lessened the danger of counterproductive government ac¬ 
tion, the original problems with our urban transportation 
systems remain. 

The Traveler Must be Understood 
Because our cities are so far into the third stage of innova¬ 
tion, a logical, innovative transportation system capable 
of serving them must recognize the components of the 
present travel market and how the market is being served. 
I have noted that the first stage of innovation is success¬ 
fully achieved when an invention improves the perform¬ 
ance of a function. And the great bulk of urban transpor¬ 
tation is now performed, flexibly in time and space, by 
the private car. 

You might assume that some public agency could pro¬ 
vide urban transportation services more cheaply than 
could individuals, and still earn a profit. This would be 
true if transit could collect enough people in space and 
time to make user fees more than cover the cost of the 
service. If individuals’ travel needs overlapped com¬ 
pletely, the fixed-route, fixed-schedule service of present 
urban mass transit could serve as a perfect link between 
all origins and destinations at the times when such trips 
were desired. Mass transit would then not have its severe 
underconsumption problem. 

Unfortunately, fixed-route, fixed-schedule transit 
doesn’t overlap all origins and destinations in time and 
space of present urban travel. For example, in 1963, only 
about 6 per cent of all trips in the greater Boston region 
were made on its relatively well-developed rail transit 


system, and this market share has declined still further 
since then. 

The 6 per cent or fewer riders who find it advantageous 
to use rail transit in Boston spend only about 40 per cent 
of their total travel time in the rail transit vehicle, and 60 
per cent getting to and from the rail transit stations. Re¬ 
search has shown that these “access activities” are about 
two to three times as noxious to travelers per time unit as 
line-haul riding time. This means that on a weighted 
basis, about three-quarters of a rail transit rider’s per¬ 
ceived travel time is spent getting to and from his primary 
mode of travel. But for auto travel, which accounted for 
about 83 per cent of Boston-area trips in 1963, only 
about 10 per cent of travel time is spent in access. There¬ 
fore, new transportation systems, if they are not to be¬ 
come functionally obsolete before they begin service, 
must reduce walks and waits. 

Such statistics illustrate the very great disparity be¬ 
tween public and private urban transportation service. To 
hurdle the first stage of innovation in transportation, 
planners must first understand how users view the sys¬ 
tem. They must concern themselves with what influences 
consumer behavior if improvements are to reduce the cost 
of urban travel. 

But the consumer point of view is not the only concern. 
There is also a legitimate public point of view dictated by 
logic (and sanity) in designing new transportation facili¬ 
ties. To reduce the symptoms of the urban transportation 
problem which our unmatched private mobility brings — 
space consumption, air pollution, and energy costs — we 
can and must specify performance and technological re¬ 
quirements for transportation innovation which lower 
each of these social costs of transportation. And these 
requirements must lead to a transportation system which 
is a logical and compatible collection of components or 
subsystems. The task is not difficult. 

The Logic of Dual-Mode Transportation 
To reduce the space needed for transportation, both the 
physically and the socially perceived size of urban trans¬ 
portation facilities must be reduced. This means reducing 
the time spacings between moving vehicles, as well as 
their space consumption when stopped. Reducing time 
spacings requires automating the driver function — with 
vehicles under automated operation at short headways 
(time spacings between vehicles) on automated guide- 
ways. However, we will always be limited by economics 
in automating the line-haul portion of trips, just as we are 
limited today for economic reasons in the mileage of 
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The German automated “Cabinentaxi" system has also achieved 
headways of under one second, traveling at 22.5 miles per hour. 
The system contains two types of vehicles, those which travel over 
and those which hang beneath special tracks. The system is 
currently being tested on a five-vehicle, 0.6-mile track in Hagen, 
Germany, and a longer track, with more cars is planned near 
Erlangen. (Photo courtesy of DEMAG Fbrdertechnik and 
Messerchmitt-BPIkow-Blohm) 


planned expressways. Automation of driving will always 
be limited to those congested areas where it is necessary 
to reduce travel costs, including social costs. The easiest 
way to provide the door-to-door transportation service 
enjoyed today for the bulk of our urban trips will still be 
to rely on manually-driven vehicles. 

Thus, we have derived the primary specification of the 
logical urban transportation innovation, that it be dual 
mode transportation. Dual-mode systems combine auto¬ 
mated guideway and non-guideway systems, using the 
same vehicle or passenger “pod” for both. By combining 
automated guideway operation and manual operation on 
local streets, such a system could give the door-to-door 
service enjoyed by most travelers, within the current met¬ 
ropolitan structure. 


Dual-Mode Guideways and Electric Power 
Dual-mode systems can also reduce air pollution and 
consumption of some energy sources in short supply by 
relying on small, electric vehicles. Electric power allows 
much closer and more precise headway control than can 
be achieved with the internal combustion engine. And 
electric power allows conversion of basic energy sources, 
such as hydrocarbons, to electrical energy at a few remote 
sites, where improved conversion efficiency and pollution 
control devices can be installed and maintained. In con¬ 
trast, today we attempt to control pollutants from over 
120 million motor vehicles in the U.S. Electrical energy, 
moreover, creates substitutability of basic energy sources, 
and can introduce a flexibility into transportation 
energy-use patterns largely absent since the 1920s. 

Once they leave the electrically-powered automated 
guideways, vehicles might have flexibility in their on¬ 
board energy source. Probably, though, two motors per 
vehicle would not be economical, and vehicles off the 
guideway would be powered by batteries, rechargeable 
on the guideways. 

How Much Speed, How Much Guideway? 

For urban planning purposes, the automated portions of 
dual-mode systems can be thought of as automated ex¬ 
pressways carrying small vehicles at 60 miles per hour. 
About twice as many miles of “automated expressways” 
as conventional expressways will be needed according to 
preliminary studies of demand. Additional mileage equal 
to existing grade-separated transit lines will also be 
needed. Since congestion-free guideways will stimulate 
travel, we have allowed for increased demand in these 
estimates. But these higher mileage requirements will not 
mean greater intrusion on urban space. 

In contrast to huge urban expressways, the size of au¬ 
tomated guideways should be manageable. Instead of 
eight, 12-foot lanes plus shoulders, medians, drainage 
areas, etc. cutting a 200- to 300-foot swath across your 
favorite city, there would be two, six-foot-wide lanes. 
Such a narrow cross-section could be completely en¬ 
closed, .sound-proofed, buried, or put through buildings 
to minimize dislocation and disruption. 

Eraction-Second Headways Needed 
To equal an eight-lane expressway’s capacity, a two-lane 
guideway would have to carry four times as many vehi¬ 
cles per hour. Since freeway vehicles maintain two-second 
minimum average headways between cars at freeway 
capacity, guideway vehicles will have to achieve half- 
second headways. Achieving safe, reliable, fraction- 
second headways is thus the major technological barrier 
to overcome in developing a transportation system to re¬ 
duce urban travel costs. 

We can achieve fraction-second headway operation of 
small vehicles on automated guideways today, but the 
problem is to design such systems for day-to-day operat¬ 
ing conditions. These systems must be far safer than 
today’s urban automobile highways, because to users any 
accident will reflect upon the entire guideway system. 

Experimental work in West Germany and Japan indi¬ 
cates that the technological problems are not insur¬ 
mountable. Vehicles may be controlled electronically, 
have mechanical fail-safe linkages, or have systems that 
maintain such short spacings between vehicles that 
shock-absorbing bumpers could cushion any collisions, 
which would be at low relative velocities. 
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Although dual-mode automated transit systems are still at the 
drawing-board stages, significant advances are being made in 
single-mode, automated personal rapid transit. The most 
advanced such system in the world today is the Japanese cvs 
(Computer-controlled Vehicle System). Currently being tested on a 
relatively complex, three-mile test track near Tokyo, the CVS 


system is capable of automatically moving people and cargo at 
headways under a second. The 60 vehicles now being tested on 
the system can travel up to 50 miles per hour. Cargo vehicles are 
shown at the left of the photo. (Photo courtesy of the Japan 
Society for the Promotion of Machine Industry) 


Concern for Transit: PRT 

The fraction-second headway requirement for significant 
urban transportation innovation results not only from the 
requirement of serving the majority of existing urban 
travel. It is also necessary if an innovative urban transit 
system is to be buildable. 

To overcome the fixed-route, fixed-schedule limitations 
of present transit, technologists have developed a concept 
known as personal rapid transit (prt). This most impor¬ 
tant emerging technology in urban transit today attempts 
to overcome limitations of present transit by offering 
small-vehicle, non-stop operation available instantly, on 
an automated network, with off-line stations. Three 
major differences in concept between “pure” prt and 
conventional transit are: 

— prt’s off-line stations mean that the prt vehicles need 
not wait for stopped vehicles at intermediate or on-line 
stations — prt is a “flow” system. 

— prt stations can be close together since not all vehicles 
must stop. This gives better coverage of an area than 
conventional transit, at additional expense for the addi¬ 
tional stations, of course. 

— Small, personalized vehicles would be available at all 
times at each station, theoretically meaning no waiting 
and seating available to all comers. 


Thus prt in concept offers considerable service im¬ 
provement over conventional transit. However, the re¬ 
quirement of having a vehicle ready to board on demand 
for a trip means that the vehicle will have a very low 
average occupancy. “Pure” prt planning studies — based 
on no data — estimate an average occupancy of about 1.5 
persons per vehicle. Assuming such an occupancy in a 
system required to carry 10,000 people per hour — the 
upper range of so-called intermediate capacity transit, 
and a long-held minimum volume for conventional rail 
rapid transit — a prt system would need a spacing of .54 
seconds per vehicle (3,600 seconds/hr. X 1.5 
passengers/vehicle x 1 hr./10,000 passengers). This calcu¬ 
lation assumes, as do serious plans for prt systems, that 
very few alternative paths are available in the guideway 
network. 

Again we see the requirement for headways of approx¬ 
imately a half-second, but as a requirement for innovative 
transit, and not just in relation to highway capacity! In 
reality, the 1.5-passenger-per-vehicle estimate may be 
high, for in a large prt network, the probability seems 
very low of a person entering a station at the same time as 
another person going to the same distant station. And, 
with a lower occupancy, a still closer spacing is needed to 
achieve the requisite high capacity. 
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Because of their low 
weight and low noise 
levels, high-capacity, 
electric guideways could 
be built over pedestrian 
ji malls and through 
* buildings. 


“Impure’* PRT 

Some manufacturers are now willing to build prt 
automated guideways with headways of about ten sec¬ 
onds for 30- to 50-mile-an-hour systems. At this speed, 
ten seconds is the so-called safe stopping time, or “brick 
wall headway,” assuming a safe emergency deceleration 
rate of 0.2 g. So, if present systems are not yet capable of 
operating at fraction-second headways, the only way to 
increase passenger throughput in prt systems is to in¬ 
crease vehicle occupancy. 

At the current ten-second headway, a vehicle occu¬ 
pancy of 28 passengers per vehicle is required to achieve 
10,000 passengers per hour throughput (10,000 
passengers/hour x 10 seconds/vehicle X 1 hour/3600 sec¬ 
onds). This means prt vehicles will have to be held at a 
station until many passengers going to another station or 
stations board; or, passengers will have to be picked up at 
several stations. Holding a vehicle at one station to ac¬ 
cumulate passengers means longer waits for passengers. 
While shorter waits can be obtained for the same vehicle 
occupancy by stopping at more stations, this strategy de¬ 
creases average speeds and makes the operation more 
closely resemble conventional transit. 

As a result of these restrictions, the generally proposed 
operating plan for prt is a compromise strategy. This 
plan — “impure” prt, or Group Rapid Transit (grt) — 
entails stops at each of a set of adjacent stations to pick 
up passengers, and then express runs to a destination 
group of stations. The run is regularly scheduled, ideally 
with relatively short waiting times of one to three min¬ 
utes. However, there are problems. For large systems, so 
many destinations must be served that capacity restric¬ 
tions would increase initial waits. In fact, these initial 


waits could easily be longer than for conventional rail 
transit making all intermediate stops. However, grt’s 
flexibility could insure that very high volume stations re¬ 
ceived superior service. 

No FRT Without Short Headways 
The advantages of grt over conventional transit are, in 
concept, somewhat fewer stops, shorter waits, and possi¬ 
bly higher average travel speeds; but these apply mainly 
for smaller systems and only if currently available tech¬ 
nologies are “pushed.” However, prt, pure or impure, 
can be superior to conventional transit in guideway 
coverage, at additional expense, of course. This means 
that walking time to and from the guideways can be less 
than that with conventional rail systems. 

PRT planning reports seem to abound in which guide¬ 
way networks are so dense and coverage so great that 
they might be mistaken for the local street system of a 
small city. We must then ask ourselves why prt or grt 
guideway systems should be any cheaper to build per mile 
than conventional rail transit networks. We must also ask 
where the per-mile savings are for prt over conventional 
transit. There are no savings evident in command and 
control systems. There may be savings in power distribu¬ 
tion systems, with individual rather than trains of vehi¬ 
cles, and thus smaller surges of power when vehicles ac¬ 
celerate. However, there will be more vehicles and thus 
probably higher costs in the vehicle subsystem. Right- 
of-way costs may be less, but only if the guideway cross- 
section is much slimmer and easier to locate on existing 
publicly-owned rights-of-way than conventional rail 
transit. 

The real cost savings over conventional transit are al- 
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automated guideway built 
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Dual-mode buses, 
operating under 
automatic control on 
guideways and manual 
control on roads, offer 
more flexible transit 
service. 
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leged to be in the structure. This is most likely true for 
light two-to-six-passenger vehicles. But for the 
28-passenger vehicles required now without fraction- 
second headw'ays, neither the vehicle weight per foot of 
length — on which guideway design in part depends — 
nor the vehicle cross-sections are much less than for con¬ 
ventional transit vehicles. And prt tunnels will he equally 
as expensive as rapid-transit tunnels. 

In summary, there appear to be no substantial cost 
savings over conventional elevated trains or subways 
with existing prt — or grt — technology. Indeed, a 
small- or medium-sized city can now buy, almost off the 
shelf, a group rapid transit system with off-line stations 
and comparable, but potentially superior, service for 
about the same direct and social cost as a conventional 
rapid transit system of the same length. That is, a city can 
buy such a system if it doesn’t mind the start-up problems 
that appear to be plaguing the prt systems in Morgan¬ 
town, W. Va., and the Dallas-Fort Worth Airport. In any 
case, the service given by grt is essentially transit service; 
it doesn’t overlap well in time and space with more than a 
small fraction of total urban travel. Thus, ridership and 
revenue from such a grt system is not apt to make the 
financial picture of this relatively easy technological fix 
any different from that of conventional transit systems. 

True personal rapid transit means personalized vehicle 
service and fraction-second headways. Without fraction- 
second headways, passengers must be assembled to boost 
line-haul capacity, service is degraded, and per-mile sys¬ 
tem costs are increased. Thus, significant improvement in 
urban transit service in general also requires very-short¬ 
headway systems. Fraction-second headways are the only 
way to lighten transit vehicles and reduce structure size 
and costs — both direct costs and the social costs of large 
guideway structures and, similarly, urban highways. 

Dual-Mode and the Future 

George Pastor, Associate Administrator of the Urban 
Mass Transportation Administration, has pointed out 
that the ability to automate transportation safely and 
efficiently is a central issue in this and most other efforts 
to increase productivity in commercial or military sys¬ 
tems. But automation is economical in our transportation 
system only if we can achieve very large jumps in system 
productivity to allow the co.sts of built-in redundancies 
and down-time w'hich characterize the most successful 
uses of computers today. Achieving safe and reliable 
fraction-second-headway operation, therefore, is the cen¬ 
tral technological problem on which this country should 


be focusing its urban transportation innovation efforts. 

To summarize, the logical innovative urban transporta¬ 
tion system consists of fraction-second headway, small- 
vehicle automated guideway systems, carrying public and 
private vehicles capable of dual-mode operation. For pub¬ 
lic transportation, riders would be carried on vehicles 
captive to a network as transit is today, except that the 
new service would be service on demand. The new service 
would overlap in time, if not in space, with many urban 
travel demands. Adding the more extensive guideway 
nervs'ork needed for dual-mode private vehicle operation 
would provide better coverage of a city than today’s 
grade-separated transit networks. Moreover, dual-mode 
buses could leave the fixed networks to further increase 
flexibility. 

Most important, the fraction-second headway auto¬ 
mated guideways would provide the high-quality reliable 
line-haul express service for private vehicles that present 
expressways provide under the best of conditions. And as 
said before, electric power allows flexibility in the use of 
basic energy sources and control of air pollution at a few 
sources. 

A word may be necessary here on the oft-recurring 
argument that a transportation system should provide a 
“choice”. Many people argue that cars are noxious and 
many don’t own or can’t drive them, so an “entirely dif¬ 
ferent” mode should be provided for non-car people. 
However, an integrative transportation system would 
provide for several classes of service, all of which would 
be substantial improvements over today’s “choices”. In¬ 
deed, an integrated system should provide for choice in 
the most optimistic sense of the word. 

Suggested Reading; 

Proceedings of a Conference on Dual-Mode Transportation. 
Transportation Research Board, Washington, D.C. 20418. Special Re¬ 
port No. 166. In press. 
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The Sun as a Maker of 
Weather and Climate 


Is worldwide climate today undergoing significant 
change, or is it merely fluctuating randomly around a 
long-term norm calculated on the basis of perhaps a cen¬ 
tury or more? 

The question was first suggested by the strong warming 
trend observed throughout the world between 1920 and 
1940. Gilbert N. Plass of Texas A and M University in 
1956 probably originated and certainly best articulated 
the theory that an increase of atmospheric carbon dioxide 
produced by the combustion of fossil fuels could best ex¬ 
plain this warming. His theory stimulated considerable 
popular concern and a scientific debate which has yet to 
be resolved. This paper presents an alternative explana¬ 
tion, proposing that variations in solar activity best fit re¬ 
cent observed climatic fluctuations, and offering a very 
sketchy physical hypothesis. On the basis of these obser¬ 
vations are ventured some climatic predictions for the 
next century. 

We begin with definitions: climatic fluctuations 
are described in terms of fluctuations in the pattern of 
general atmospheric circulation, notably the westerlies of 
the middle latitudes and the subtropical easterlies. Gen¬ 
eral circulation patterns are designated as being strongly 
or weakly zonal (that is, concentrated and strong or dis¬ 
persed and weak, relative to the normal); they are desig¬ 
nated as being at high or low latitudes as the pattern is 
displaced poleward or equatorward of the seasonal nor¬ 
mal. The patterns are further designated as being strongly 
or weakly meridional, depending upon the intensity of 
the north-south winds which exchange polar and tropical 
air masses. Weak zonal and strong meridional circulation 
tend to occur together to constitute climatic stress. Such 


The processes which result in earth's weather — and in the longer 
range its climate — are both complex and subtle. The author 
describes his speculations on the effect of one variable — the 
cyclical magnetic activity of the sun which results in the sunspot 
and secular cycles which are familiar to solar scientists. “The 
solar-climatic hypothesis best fits the observed climatic changes 
of the past 700 years," writes Dr. Willett, and by extrapolating 
these correlations into the future he concludes that, "barring an 
interruption of predictable solar cycles, the next ice age is unlikely 
for at least 10,000 years . . .” (Photo: N.O.A.A.) 


stress is marked by strong longitudinal contrasts of tem¬ 
perature and precipitation and by strong seasonal con¬ 
trasts between maritime and continental air — hence by 
extreme contrasts between continental summer and 
winter temperature. 

Forty Years of Warming Weather 

The sequence of recent weather patterns on earth may be 
characterized as follows: the substantial warming trend 
that began about 1920 peaked in the higher middle 
latitudes during the 1930s, in the lower middle latitudes 
in the early 1950s and in subtropical latitudes in the late 
1950s or perhaps as late as the early 1970s. A substantial 
cooling trend began in the polar and higher middle 
latitudes in the 1940s, in the lower middle latitudes in the 
late 1950s, and in the subtropical latitudes even later — 
perhaps only now. In general, the lowest temperatures in 
the middle latitudes occurred in the early and middle 
1960s, followed by a slight warming trend in the late 
1960s and early 1970s. 

Geographical patterns of precipitation departures are 
more local and of much smaller scale, depending on to¬ 
pography and moisture sources, than are those of tem¬ 
perature departures. Though comprehensive data are 
therefore largely unavailable, the following summarizes 
our understanding of recent rainfall variations: 

The warm decade of the 1930s brought the most severe 
droughts of the century to many regions of the middle 
latitudes, notably the dust bowl in our western plains; se¬ 
vere Russian droughts triggered liquidation of the 
Kulaks, and there were severe droughts in southern Aus¬ 
tralia and in other mid-continental — as opposed to east 
coastal — parts of the world. The 1940s brought gener¬ 
ous rains to the drought regions of the 1930s, though 
there was a tendency to substantial deficiencies in east 
coastal regions. 

The early- to mid-1950s, like the 1930s, were a mark¬ 
edly dry period in the marginal interior continental re¬ 
gions, notably the American southwestern plains; severe 
drought was restricted to latitudes equatorward of 40°, 
and east coastal areas were normally or abnormally wet. 
Like the 1940s, the 1960s provided generous rainfall to 
the marginal interior continental regions of middle 
latitudes, but there were record dry years in many east 
coastal regions. The 1960s and early 1970s brought se¬ 
vere drought to the middle and lower subtropics, notably 
in southern Asia and central Africa. 

To date the 1970s have witnessed only a very slight 
tendency to drought in middle latitudes — and that only 
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Patterns of atmospheric circulation on earth reflect 
cyclic changes in the sun. Studying such solar cycles, 
the author predicts a “little ice age” bringing extremes 
of cold by the year 2200. But the next age of 
widespread glaciation is still too distant to be seen. 




in southern portions of the belt (our Mexican border 
states). Apparently there has been some dryness during 
the past two years in marginal Russian grain land, but the 
data necessary to put that occurrence into perspective are 
not readily available. 

General circulation patterns during the past 50 years 
correlate with these temperature and rainfall records: 
strong high-latitude climatic stress patterns developed 
early in the 1930s. The 1940s were dominated by zonal 
westerlies at somewhat subnormal latitudes, and very 
strong climatic stresses marked the 1950s. Since then, the 
general circulation has been predominantly zonal, re¬ 
markably free of stress patterns. 

Any prediction of future climatic change, including the 
possibility of a new ice age, must depend upon our under¬ 
standing of these recent climatic fluctuations. At least two 
hypotheses are possible — one based primarily on man’s 
pollution of the atmosphere, the other based wholly on 
natural variations of solar energy inputs. This paper will 
consider both and propose the latter as more consistent 
with data from the recent past. 

The Atmospheric Pollution Hypothesis 
During the past 50 years the outstanding trends of tem¬ 
perature are the sharp rise over much of the northern 
hemisphere, culminating in the higher latitudes about 
1940, and the following cooling which reached its fullest 
in the higher and middle latitudes in the middle 1960s. If 
atmospheric pollution is hypothesized to explain changes 
of temperature at the earth’s surface, it must especially 
help us to understand these trends. 

Since atmospheric carbon dioxide (CO^) has continued 
to increase more than linearly throughout this period due 
primarily to the growing consumption of fossil fuels, Reid 
A. Bryson of the University of Wisconsin sensibly main¬ 
tains that the hemispheric temperature should have con¬ 
tinued to increase rapidly except as some other factor 
modified the effect of CO 2 ; he proposes that this factor is 
increasing dust and smoke in the atmosphere of volcanic 


or industrial origin. 

Some analyses propose a different effect, suggesting 
that particulate matter in the atmosphere is much more 
absorptive of outgoing long-wave terrestrial radiation 
than of incoming short-wave solar radiation. This leads 
to a hypothesized “greenhouse effect” — more warming 
of the atmosphere in the high latitudes where outgoing 
terrestrial radiation exceeds incoming solar radiation 
than in the low latitudes, where the reverse is true; this 
“greenhouse effect” must tend to warm the atmosphere 
more at high latitudes than at low and thus weaken the 
general circulation and be counter-glacial in effect. 

But if Professor Bryson is correct and the trends he pro¬ 
jects continue as from 1940 to 1960 into the 21 st century, 
the decrease of the mean temperature of the northern 
hemisphere must be expected to continue; this would 
lead, rather quickly and uniquely in the earth’s history, to 
the advent of an ice-age climate and glacial conditions. It 
is this assumption that leads to pessimistic predictions of 
reduced food production and increased energy demand. 

But the pollution hypothesis cannot properly be made 
to account for recent climatic fluctuations. Any estimate 
of the effects of atmospheric particulates is at best 
difficult to make and must be based on a number of as¬ 
sumptions; it is sensitive to the number, size, vertical dis¬ 
tribution, and absorptive and radiative characteristics 
of the particulate matter, as well as to the wavelength 
and angle of all incident radiation. For this reason I be¬ 
lieve it hopeless within the scope of present knowledge to 
reach a quantitative estimate of what particulate matter 
may be doing to the mean temperature of the hemisphere. 

My own reading of the record convinces me that recent 
increases of atmospheric carbon dioxide have contributed 
much less than 5 per cent of the recent changes of atmos¬ 
pheric temperature and will contribute no more than that 
in the foreseeable future. If this is true, and the heating 
effect of CO 2 is considered negligible, then there is no 
need to invoke any cooling effect of particulate pollution 
to account for climatic fluctuations. Indeed, 1 believe that 
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man will pollute himself off the face of the earth long be¬ 
fore he can pollute himself into an ice age. 

The Solar-Climatic Hypothesis 

Sunspot activity occurs in cycles which have been well 
studied and are widely recognized. Three of these cycles 
of solar activity are to be considered in relation to recent 
climatic fluctuations: the eleven-year sunspot cycle, the 
double sunspot cycle, and the longer secular cycle. Com¬ 
plete, quantitative explanations for the relationship be¬ 
tween solar cycles and climate remain to be given, though 
some hypotheses can be suggested (see page SO) in the 
absence of the right kind of solar observational data and 
physical research. But a fair argument for the solar- 
climatic hypothesis of climatic fluctuation can be made, 
resting squarely on observed, historical relationships be¬ 
tween solar and climatic cycles. 

The Reversing Sunspot Cycles 

The most widely recognized cycle of solar activity as it af¬ 
fects climate spans a period of about 22 years. The 
number of sunspots rises to a maximum, falls to a 
minimum, and returns to a maximum in an average of 11 
years; but between each 11-year cycle there is a reversal 
in the direction of the sun’s magnetic field. Thus each 
11-year cycle has a polarity opposite to that of the preced¬ 
ing cycle, and conditions in fact repeat themselves only 
every 22 years. 

The 11-year sunspot cycle (actually ranging from nine 
to 14 years) is of minor interest for climatic correlations; 
only in the equatorial belt is there any significant correla¬ 
tion between the 11-year cycle and the weather, notably 
temperature. At all higher latitudes the double (22-year) 
sunspot cycle completely obscures the single cycle in cli¬ 
matic significance, because alternate sunspot maxima 
have opposite effects on atmospheric circulation and 
weather. Accordingly, the following discussion takes no 
further account of the 11 -year cycle except as the positive 
(major) or negative (minor) half of the 22-year cycle. 


The Long Secular Solar-Climatic Cycle 
The long solar-climatic cycle, based on both planetary 
configurations and sunspot and solar magnetic artivity, is 
alternately of approximately 100 and 80 years’ duration. 

The following lists the broad features of the northern 
hemispheric (and probably also southern hemispheric) 
climatic patterns which tend to correlate with this long, 
secular cycle of solar activity: 

The initial three or four quiet decades of each long 
cycle generally show strong zonal circulation patterns 
with maximum coldness in all except the equatorial and 
bordering subtropical latitudes, where low temperatures 
are probably delayed until the third and fourth decades; 
and wetness is likely in the middle, lower middle, and 
equatorial latitudes except in east coast continental areas 
in the middle latitudes. This climate of strong subtropical 
activity is favorable to glaciation. 

The next two decades are marked by strong zonal cir¬ 
culation patterns shifting rapidly from low to high 
latitudes, temperatures rising to maximum in the polar 
and higher middle latitudes and to near normal in 
equatorial and subtropical latitudes, and increasing wet¬ 
ness poleward of 50° and in the subtropics. This is pre¬ 
dominantly an interglacial climate. 

For the 100-year cycles only, the three decades follow¬ 
ing high sunspot activity are a period of very active 
weather: high-latitude zonal circulation patterns break 
down sharply into climatic stress; extremes of tempera¬ 
ture in the middle latitudes, with cooling first in the 
higher altitudes and some 15 years later in the lower-mid¬ 
dle latitudes; and alternating drought and flood, first in 
the higher-middle and then in the lower-middle latitudes. 
It is a period of wetness, with many northeasters and hur¬ 
ricanes on continental east coasts. 

Peak sunspot activity in the middle of the 80-year cycle 
is preceded in the middle latitudes by a sudden, brief rise 
of temperatures, then a quick return to low tempera¬ 
tures during and following the sunspot peak. There is a 
moderate upturn of temperature to a much lower peak 
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preceding the modest sunspot maximum late in the cycle. 

During the final one (80-year) or two (100-year) dec¬ 
ades of rapidly decreasing sunspot activity, there is a re¬ 
turn towards the low-latitude zonal circulation patterns 
and weather of the initial quiet decades. A trend towards 
lower temperatures in all extra-tropical latitudes with 
peak warmth in the lower subtropics and equatorial 
latitudes continues, and the precipitation patterns of the 
initial quiet decades are repeated. 

Two interesting facts stand out in the limited observa¬ 
tional evidence relating temperatures to these secular 
solar-climatic cycles: 

— By far the most significant temperature departures of 
the last secular cycle occur in the subtropics, where peak 
warmth of the warming trend occurs 20 years (or even 
more) later than it does at 50°N. 

— The statistical significance of these temperature trends 
in the subtropics, and their clear tendency to follow the 
sun seasonally, suggest strongly that the secular cycles are 
caused by fluctuations in the effective radiation received 
from the sun. 

Following the Cycles Through Flood and Drought 
Precipitation trends are more complex and less well estab¬ 
lished than those of temperature, but a few broad correla¬ 
tions with prevailing circulation patterns of the last 
100-year secular cycle may be noted: 

The period of strongest low-latitude zonal circulation, 
from 1880 to 1910, was prevailingly wet across the 
United States in lower-middle latitudes (except on the east 
coast), and prevailingly dry across Canada in higher-mid¬ 
dle latitudes; indeed, during the first two-thirds of this 
period western Canada experienced the most severe 
drought in its observational history, coincident with a 
very wet period across the southern United States. The 
only drought of consequence in the United States oc¬ 
curred in the Mexican border states in the 1890s. 

Dry weather prevailed from 1910 to 1940 in the 
United States and southern Europe, and wet weather 
covered Canada and northern Europe. 

The predominance of high-latitude zonal circulation 
ended during the early 1930s with the advent of strong 
weather systems in middle latitudes, and these persisted 
through the 1950s in lower-middle latitudes. The out¬ 
standing features of the 1935 to 1960 period as a whole 
are recurrent severe droughts in the midwest coincident 
with extreme wetness on the east coast (including north¬ 
easters in winter and spring and hurricanes in summer 
and autumn). 


The Double Sunspot Cycle 

Climatic aspects of the double (22-year) sunspot cycle 
come out more strongly during the latter, active half of 
the 100-year secular cycle. Accordingly, the following 
discussion of the double cycle is based entirely on the rec¬ 
ord of the 100-year secular cycle just ended, for which 
solar and climatic data are best known. 

The basic solar-climatic feature of the 22-year sunspot 
cycle as observed during the period from 1870 to 1970 is 
a strongly contrasting change of the patterns of the gen¬ 
eral circulation during the period between one sunspot 
minimum and a following maximum with n positive solar 
magnetic field (Max^), opposite in sense to that in the 
period between a sunspot minimum and a following max¬ 
imum with a negative solar magnetic field (Max“). Latitu¬ 
dinal changes of atmospheric pressure correlating with 
solar magnetic and sunspot cycles clearly indicate a tend¬ 
ency for the zonal circulation to weaken going into the 
positive half and to strengthen going into the negative half 
of the double sunspot cycle. 

Strong weather patterns caused by polar highs in 
winter and by higher-latitude extensions of the lower- 
latitude oceanic high pressure cells in summer charac¬ 
terize the Max* phase of the double cycle. Absence of 
such patterns characterize the Max* phases of the cycle. 

Solar Activity and Earth’s Atmosphere 
It is interesting to speculate on possible physical linkages 
between the solar and the climatic aspects of the secular 
and the double sunspot cycles. It was noted earlier that 
the temperature in subtropical latitudes during the sum¬ 
mer season is the most significant manifestation of the 
secular cycles. This could result from either of two possi¬ 
ble causes: 

— A change in the direct heat of the sun (the solar con¬ 
stant). 

— A change in the atmosphere of the earth to decrease its 
transmission of solar energy into the atmospheric sys¬ 
tems; such a change might be caused either by a change in 
the photochemical equilibrium resulting in an increase in 
ozone or by the production of active condensation nuclei 
(cloudiness) in the upper atmosphere. 

On the other hand, the most significant climatic man¬ 
ifestations of the double sunspot cycle are in the winter- 
season circulation in high latitudes, in the contrast be¬ 
tween strong zonal circulation, and its breakdown into 
a climatic stress pattern. The one solar variable that meets 
this seasonal and latitudinal requirement is the solar 
wind, which could in turn affect the amount of ozone in 
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The long secular solar-climatic cycle, based on planetary 
configurations and sunspot and solar magnetic activity, alternates 
between 100 and 80 years; here are shown three such cycles on 
which are superimposed the 11 -year solar cycles in which the solar 
magnetic field reverses polarity, stretching from 1700 to 1980. 
Low sunspot activity and wide spacing of the 11 -year cycles of 
magnetic reversal characterize the first 30 years of each 100-year 
cycle; high sunspot activity and close spacing of sunspot 
extremes, the last half. The 80-year cycle is different: the most 
rapid sunspot changes occur in the middle of the period. Shaded 
11-year cycles represent periods of negative solar magnetic field; 


note that at the end of 80- and 100-year cycles the solar magnetic 
field falls to reverse from negative to positive. The letters show 
probable years of maximum warm (W) and cold (C) temperatures, 
as analyzed from historical data. The author notes rapid rises of 
temperature during the period when sunspot activity is growing 
rapidly just after the half-way mark in each 100-year cycle. The 
peak temperatures came midway in the 80-year cycle, followed by 
a return to severe cold with falling sunspot activity. Since we are 
now at the start of a new 80-year cycle, says the author, the period 
from 1800 to 1880 is of the most immediate predictive significance 
to us now. 



This chart shows the average of the five double sunspot cycles 
during the last 100-year secular cycle, with climatic experiences 
superimposed. In general, during these five cycles the climate 
became active while sunspots were at their minimum and growing 
rapidly — the positive half of the 11 -year cycle — with solar 
magnetism changing from negative to positive (Min' through R^); 
the weather was active, characterized by severe droughts in 
continental interiors. During the next nine-year period the active 


climate persisted but drought gave way to wetness and heat to 
cold. Then came six years (R“ through Max') of more moderate 
weather, cool and wet. Finally, in six years from F“ to Min', the 
zonal circulations shifted poleward and weakened, bringing 
warmer weather to northern latitudes. Clearly, thinks the author, 
these data established the connection of sunspot activity and solar 
magnetism with earth's climatic change. 
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The hard, smooth curves of these charts are the average over 93 
and 100 years, respectively, of Weather Bureau maximum winter 
temperatures in Boston (above) and maximum summer 
temperatures in Omaha (opposite). The jagged, solid lines show 
the daily average temperatures during periods of declining 
sunspot activity with negative solar magnetism. The dashed lines 
show the same data for all dates which fell during periods of 
decreasing sunspot activity with positive solar magnetism. Strictly 


the upper atmosphere. In fact, the basic cause of all 
large-scale long-term fluctuation between zonal and more 
active circulation patterns, both winter and summer, in 
higher and lower latitudes, appears to lie in the strength 
of the major continental-maritime circulations. And the 
intensity of these depends in turn upon the relative radia- 
tional cooling of the continents in winter and their insola- 
tional heating in summer — that is, upon the transpar¬ 
ency of the atmosphere. 

Correlating Climatic Trends and Solar Cycles 
Perhaps the most convincing argument for the acceptance 
of a hypothesis of climatic fluctuation is its success in 
prediction. The solar-climatic hypothesis has performed 
remarkably — indeed, without one serious error — in a 
number of long-term forecasts of climatic trend. These 
forecasts were all based on the approaching termination 
of one secular cycle and the lengthening of the double 
sunspot cycle with the advent of the new secular cycle. 

In 1951 1 proposed that “the temperature level over 


parallel results are obtained with minimum temperatures, but In 
all cases at somewhat lower levels of significance, a difference 
which, says the author, is “entirely consistent with the fact that 
maximum temperatures are more representative of undisturbed 
atmospheric and solar conditions than minimum temperatures." 
The correlation of sunspot and magnetic data with climate Is 
strongly suggested. 


much of the world will fall significantly during the next 
15 years, probably reaching a first minimum level be¬ 
tween 1960 and 1965. This temperature fall probably 
will be sharpest where the anomalous warmth of the past 
25 years has been most extreme.” This prediction has 
verified almost perfectly. 

In 1955 I reported that “the present (1950 to 1959) 
decade almost certainly is witnessing the peak of hur¬ 
ricane frequency in the Western Atlantic as opposed to 
the Gulf area, a peak which probably will begin to decline 
during the remainder of the decade and continue to de¬ 
cline sharply during the decade of the 1960s. The severity 
as well as the frequency of hurricanes in the North Atlan¬ 
tic coastal areas will decrease. At the same time there will 
be a slight, but not more than slight, increase in the fre¬ 
quency of West Gulf hurricanes, so that the total number 
of Atlantic zone hurricanes will decline, by the end of the 
1960s, at least to the level of the period from 1900 to 
1930. The period from 1960 to 1990 will probably find 
the overall frequency of Atlantic zone hurricanes at 
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an average level corresponding to 1870 to 1900, a level 
even lower than that of 1900 to 1930.” To date this fore¬ 
cast has verified in every particular. 

Another related forecast, which never received publica¬ 
tion, was made to the State of Maine Department of Sea 
and Shore Fisheries in the mid-1950s, predicting cooling 
of the sea-surface temperatures of the middle and north 
Atlantic coast during the early and middle 1950s to sub¬ 
normal levels during the 1960s and probably to even 
lower levels from the mid-1980s into the 1990s. By 1965, 
sea-surface temperatures off the Maine coast had fallen a 
full 5‘’F. to well below the long-term norm. 

Forecasts for the Next Double Secular Cycle 
These and other similar results give me courage to make a 
series of 180-year predictions, based on the assumption 
that the next two secular cycles of 80 and 100 years, re¬ 
spectively, will follow the solar chronology and related 
climatic pattern of the last two cycles. The double sun¬ 
spot cycle is considered only in the detail of the next 30 
years — and at that not with full certainty because of its 
imminent reversal of phase, its tendency to be less domi¬ 
nant during the first (relatively quiet) half of the long sec¬ 
ular cycle, and our ignorance of its manifestations during 
the 19th century, when the last 80-year cycle should be 
analogous to the next 80 years. 

In the next 25 years the temperatures in all latitudes 
will fall to significantly lower levels than those reached in 


the mid-1960s. Whether this decline starts immediately, 
leading to lowest levels in the 1980s, or starts in the 
1980s with lowest levels reached in the 1990s, depends 
on whether the double sunspot cycle reverses phase. 

No major, prolonged drought is foreseen in lower-mid¬ 
dle latitudes except possibly along the subtropical margin 
— the Mexican border states of the United States. 
Whether this is centered in the first or second decade 
ahead also depends on whether the double sunspot cycle 
reverses phase. If it does not, the 1975-85 prediction 
stands. 

In higher-middle and subtropical latitudes, the next 
two decades will be a predominantly dry period, partic¬ 
ularly in Canada and northern Europe, with a severe 
drought possible across the Canadian plains. A similar 
ten-year period of severe drought is likely in southern 
Asia and subtropical Africa, but decadal timing is un¬ 
certain. 

From 2000 to 2010 A.D., there will be an abrupt re¬ 
turn to markedly warmer weather in the middle and 
higher latitudes, followed rather quickly by a return of 
temperatures to the low levels predicted for the next two 
decades. The warmth of the 2000-2010 decade will not 
approach that of the period from 1930 to 1960. The 
warm decade will tend to be wetter in higher-middle and 
in subtropical latitudes and thus will terminate the pro¬ 
spective drought conditions there. It will be drier in the 
lower-middle latitudes, but stress conditions of drought 
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Solar Cycles: Cold Winter Ahead 

Beware. 

Drawing on his research and experience correlating cy¬ 
cles of solar activity with weather and climate on earth, 
Hurd C. Willett, Professor of Meteorlogy Emeritus at 
M.I.T., thinks an abnormally cold winter with heavier- 
than-usual snowfall awaits the eastern U.S. It’s a foreca.st 
with a “moderate confidence rating,” he says — likely but 
not certain. 

For the nation east of the Continental Divide, said Pro¬ 
fessor Willett in early November, “the current prolonged 
period of very warm weather should terminate before the 
end of November, to be followed by a prolonged spell of 
very cold weather, probably most severe during the mid¬ 
winter month of January, to give us a winter season mark¬ 
edly colder than normal. 

“A moderating trend should set in late in the winter, 
followed by a comparatively mild early spring. 

“Ratber frequent rapidly eastward-moving active 
storms should result in above normal precipitation gener¬ 
ally except in the far southwest, along the west Gulf 
Coast, and along the Canadian border. 

“This storm activity, combined with a winter much 
colder than last, should result in snowfall and snow ac¬ 
cumulation generally heavier than normal, and heavier 
than last winter, in most of the eastern part of the country 
except from the northern plains eastward across the 
upper Great Lakes into northernmost New England, 
where precipitation will be less than last year. 

“Snowfall probably will be less, and melting earlier, 
than last year going into the spring season." 

Although Professor Willett’s forecast last year of a very 
cold winter was in error, his companion prediction of a 
heavy snow season across most of the northern half of the 
country was accurate. In addition, both the early fall 
(September-Oaober) and spring (March and particularly 
April) were colder than usual. 

Professor Willett said the same general conditions as 
last year — combining a strong westerly circulation with 
alternating periods of extreme warm and cold — are con¬ 
tinuing in full force this year, as it .should be at this phase 
of the double sunsp)ot cycle. 

He considers it likely that the same pattern of alternat¬ 
ing extreme warm and cold periods will continue in the 
months ahead. However, their timing has been running 
out of phase with last year — the autumn has been very- 
warm, in contrast to a year ago — and this heightens the 
chance of a cold winter and warm spring this year, he 
says. — J.M. 


and coastal storminess will not approach those of the 
period from 1930 to 1960. The return to cooler condi¬ 
tions after 2010 should bring a return to relative wetness 
in the lower-middle latitudes and relative dryness in the 
higher middle and subtropical latitudes. 

The last 25 years of the 80-year secular cycle (2030 to 
2055) promise a modest warming trend in the middle and 
higher latitudes, with decreasing dryness in the higher- 
middle and subtropical latitudes. Temperatures and 
climatic stress will decrease dramatically. 

The next period of extreme warmth followed by 
climatic stress comparable to that from 1930 to 1960 
probably will occur in the years between 2110 and 2140. 
The warmth and climatic stress may be even more severe 
than that of the 30 years prior to 1960, including in the 
middle latitudes hot summers, cold winters, severe 
drought in interior continental areas, and severe weather 
with winter coastal storms and summer hurricanes in the 
United States and northern Europe. 

Predictions Beyond 180 Years 

If the next ice age is in fact foreseeable, it can come only 
after the year 2150. The following predictions bearing on 
its possible advent are based entirely on solar-climatic 
analogy with the past, disregarding, as in earlier conclu¬ 
sions, any possible human or volcanic pollution of the 
atmosphere. 

Only two cycles are utilized in this discussion. The first 
is a 10,000- to 12,000-year cycle, for which no support¬ 
ing solar information is available; rather, it is supported 
by geological evidence of two or three peaks of glaciation 
during each of the last two glacial periods; this cycle evi¬ 
dently passed through its extreme interglacial phase 
about 5,000 years ago and probably is approaching its 
extreme glacial phase. The other is a cycle of approxi¬ 
mately 720 years (4 X 180 years) which has strong solar 
support. 

There occurred in each of the 12th and 14th centuries a 
25-year period of severe climatic stress. The first stress 
period terminated all communications between the Norse 
Vikings and their Greenland and Iceland colonies; the 
second one — the most severe period of climatic stress on 
record, most extreme between 1370 and 1390 — ravaged 
all of northern Europe with strong blizzards and extreme 
cold in winter (including record storm flooding of the 
Dutch lowlands) and heat and drought in summer. The 
consequences in famine and plague reduced the popula¬ 
tion of the British Isles by two-thirds. Old Chinese records 
indicate that this was a period of sunspot activity such as 
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has never been seen since. European observations suggest 
that the following three centuries was a period of ex¬ 
tremely low sunspot activity. This was the period of the 
so-called Little Ice Age, in which there was rapid advance 
and finally slow retreat of glaciation. 

For the last 300 years, sunspot activity has followed a 
marked upward trend; on the basis of this observation 
and of the 700- and 10,000-year climatic and sunspot cy¬ 
cles, I offer the following predictions: 

The climatic stress period from 2110 to 2140 will rep¬ 
resent the peak of the current 720-year cycle; weather will 
be substantially more severe than that of 1930 to 1960, 
probably matching that of 1370 to 1400. The following 
“Little Ice Age,” from 2200 to 2550, will be somewhat 
more severe than that from 1500 to 1850. It will proba¬ 
bly mark the peak of glaciation of the current 
10,000-year cycle, to be followed for the next 5,000 years 
by a cyclical progression towards a warmer interglacial 
period of the long cycle. 

One final prediction remains. Was the climatic op¬ 
timum of 2000 to 3000 B.C. the final interglacial stage in 
the major ice sheet sequence, or was it merely the first 
warm point in the long trend towards an extended inter¬ 
glacial climate? If the first alternative is true, then the next 
climatic optimum would be much less optimal, arid by 
this phase in the next long cycle — some 10,000 years 
from now — we would be well into the next major glacial 
epoch. However, analogy with past glacial chronology 
makes it appear much more probable that there is a 
longer true interglacial period to come; hence it probably 
will be at least the year 30,000, or even longer, before we 
come into the next ice age. 

If human pollution of the atmosphere is ruled out as an 
important contributor to recent climatic changes, and the 
evidence for that is strong, then the solar-climatic 
hypothesis best fits the observed climatic changes of the 
past 700 years. On that basis, by analogy with the past, 
the next ice age is unlikely for at least 10,000 years, even 
for more than 30,000 years, unless the sun takes off on a 
new tangent. 


Hurd C. Willett first fulfilled his interests in the weather on his father’s 
farm near Pittsburgh. Bom in Providence, Rhode Island, he studied at 
Princeton (B.S. 1924) and George Washington University (Ph.D. 1929) 
before joining the M.l.T. Meteorology Department, in which he has 
spent almost his entire professional career. He has been honored for his 
central role in developing the polar front theory of w'eather forecasting, 
a natural outgrowth of his life-long interest in climatic fluctuations as 
influenced by variable solar processes. 



The middle curve shows the average Northern Hemisphere 
temperature over 80 years since 1890; with what can its 
fluctuations be coordinated to understand their cause and make 
possible predictions for the future? Particulate matter in the 
atmosphere is proposed to absorb solar energy which would 
otherwise reach the earth's surface; but there is also the possibility 
that particulates have an opposite — the "greenhouse” — effect of 
increasing temperatures by trapping solar energy. Increasing 
atmospheric carbon dioxide due to fossil fuel combustion may also 
be a cause of increasing temperatures. The upper curve shows 
temperatures hypothesized in the absence of atmospheric 
particulates; the lower curve is one estimate of temperatures in the 
absence of any increase in COj. The author finds that neither can 
account for recent climatic trends. 
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Skyrocketing energy costs have made it 
profitable to consider more 
energy-efficient designs for such 
venerable and familiar machines as the 
refrigerator. 


Energy and the Refrigerator 


With energy costs almost certain to rise continuously for 
the foreseeable future, both manufacturers and consum¬ 
ers have become increasingly concerned over the energy 
used in home appliances. This is wise because the cost of 
energy is an important component of the operating cost 
of many appliances. Energy costs represent about 58 per 
cent of the total cost of owning a refrigerator, 28 per cent 
of a room air conditioner, and 12 per cent of a color 
television. 

Also, the total energy consumed by home appliances is 
a significant chunk of total U.S. elertricity consumption. 
Refrigerators account for about 20 per cent of residential 
electricity used in the U.S. today, or about 7 per cent of 
the total U.S. electricity load. 

1 concentrate on the refrigerator in this article because 
it is a good example of an appliance used in almost every 
household in the United States, and an appliance that has 
been continuously evolving since it was introduced more 
than half a century ago. 

The Ice Man Wenteth 

The first integral electric refrigerator, marketed in 1914 
by Kelvinator, consisted of a simple replacement of the 
ice in an insulated compartment by an evaporator unit, 
which was conneaed to a compressor and condenser lo¬ 
cated beneath. During these pioneering years old iceboxes 
were also converted by local dealers, who made custom 
installations of refrigerator components. These early 
machines rapidly took over the business of keeping food 
cold and caused the demise of the ice-delivery business. 
Such single-door machines were cooled by an evaporator 
unit surrounding a freezer compartment, which was quite 
small relative to the total refrigerated space. In the 1950s 
came refrigerators with larger freezer compartments, 
usually accessible through a single door shielded from the 
fresh-food space by a light, non-insulated inner door. At 
the same time there appeared machines of the cold-wall 
type and ones with cycle-defrost, both of which elimi¬ 
nated manual defrosting of the fresh food space. Finally, 
in the 1960s came the refrigerator era we are now in, with 
multiple-door refrigerators featuring substantially larger 


The first electric refrigerator, developed in 1914 by engineer Nathaniel 
B. Wales, was eventually marketed under the name "Kelvinator.” The 
refrigerator was essentially an ice-box with cooling coils in place of ice. 
The motor, compressor and condensing unit were placed either beside 
the unit, or in the basement. (Illustration courtesy of the Kelvinator 
Appliance Co.) 


freezer seaions, and no-frost features, which I shall ex¬ 
plain later. 

As the size and convenience features increased in the 
refrigerator’s evolution, so did energy requirements. 
Early machines required only 6 watts per cubic foot; later 
machines with no-frost fresh-food space needed 10 watts 
per cubic foot; and many of the no-frost refrigerators 
used today need 14 watts per cubic foot. 

Not all of this increase in energy requirements was due 
to “frivolous” design. The function of refrigerators also 
changed during the machine’s evolution, with freezer 
volume increasing markedly until now it may be 35 to 50 
per cent of the total volume of refrigerated space. Much 
more energy per cubic foot is needed to cool the freezer 
section than the fresh-food space because of the lower 
temperature. Also thin-wall construction has been intro¬ 
duced to yield a higher ratio of interior to exterior vol¬ 
ume. 

The increase in refrigerator energy requirements and 
the increase in the number of refrigerators have together 
caused the total electricity load from refrigerators to in¬ 
crease enormously, from about 18 billion kilowatt-hours 
(kwh.) per year in 1950, to 60 billion kwh. in 1965. By 
the year 1980, most machines will probably be no-frost 
with larger freezer volumes, and total energy require¬ 
ments are projected at 190 billion kwh., based on data for 
machines built from 1966 through 1972. The home re¬ 
frigerator load represents about 20 per cent of the resi¬ 
dential load or 7 per cent of the total U.S. electrical load 
as of 1973. Not only is this large in absolute terms, but it 
is growing about 8.3 per cent per year, slightly faster than 
the total U.S. load. 

The 1980 projected demand may not actually come to 
pass for several reasons. First, there are indications of a 
slight increase in energy efficiency of recent no-frost 
machines compared to those introduced in the 
mid-1960s. Thus, the 14-watt-per-cubic-foot figure of 
today’s machines may dip toward 13 or 12 watts per 
cubic foot, purely because of forces already in motion 
within the industry. Also, at the behest of the Department 
of Commerce, manufacturers will voluntarily attach 
energy consumption labels to their appliances to make 
such information available to the consumer at the point 
of sale. The Association of Home Appliance Manufactur¬ 
ers has recently developed an energy rating standard. 
Many states are preparing legislation that would require 
some form of labeling on appliances giving their energy 
requirements. The Department of Commerce has also 
reached an agreement with a number of manufacturers to 
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adopt voluntary efficiency standards aimed at a 30 per 
cent improvement by 1980 over 1972 consumption 
levels. 

And, finally, energy requirements may drop because it 
is technically and economically feasible to build more 
energy-efficient refrigerators, as we will see. 

To help you understand the basis for improving re¬ 
frigerators, I will first discuss the basic operating princi¬ 
ples of the modern refrigerator. 

How the Modern Refrigerator Works 
A refrigerator uses energy to pump heat out of the refrig¬ 
erated space against the outside-inside temperature dif¬ 
ference. Although there are many styles and sizes, the 
top-mounted freezer units, with about 15 cubic feet of 
storage space are very popular. Such a unit is illustrated 
at the right, along with schematics of the flow of refriger¬ 
ant and air flow in the refrigerator. It usually consists of a 
4-cubic-foot freezer and an 11-cubic-foot refrigerator 
compartment. The “heat pump” which moves heat from 
the interior to the exterior is a heat engine running in 
reverse. An electric motor drives a compressor which 
causes a working fluid — vapor — to travel from one or 
more evaporators at low pressure to a condenser at high 
pressure. There the vapor changes to liquid form as it 
transfers its heat to the outside air. The liquid then is 
reduced in pressure, by means of a capillary or expansion 
valve, and enters the evaporator(s) within the refrigerator 
compartment where it vaporizes, thereby absorbing heat. 
A forced air system carries heat from the freezer and 
refrigerator compartments to the evaporator. 

Although the heat pump is controlled in an qff-on 
manner by a single thermostatic switch, it is possible to 
adjust the temperature of the two compartments by set¬ 
ting both the thermostat and a damper, which limits air 
flow to the refrigerator compartment. According to food 
scientists, the best temperatures for the refrigerator and 
freezer compartments are 37°F and 0°F, respectively. To 
achieve a freezer temperature of 0°F, the evaporator must 
operate at a lower temperature — usually —10° to —20°F 
— so that heat will transfer. Since the evaporator is the 
coldest part of the system, water vapor condenses on it in 
the form of frost. Periodically the normal refrigeration 
function stops and electric heat is applied to the 
evaporator to melt the frost. The resultant water is col- 
leaed in a pan, where it evaporates into the room air. 
Electric heat is also used to warm the mullions around the 
doors to prevent sweating. 

The refrigerator’s heat pump {see facing page) is usu¬ 
ally a “sealed system,” often designed to be installed as a 
unit during the final assembly of the machine. Because of 
this sealed system concept, manufacturers have achieved 
unusually high reliability, as evidenced by their standard 
practice of guaranteeing the overall machine for one year 
and the sealed system for five years. The reliability is also 
evident from the average ten-year retention period of the 
refrigerator by the initial purchaser and in the long life 
estimated for this appliance — typically 14 years. 

Where the Energy Goes 

To improve the refrigerator’s energy efficiency we must 
first learn how and where the average refrigerator uses 
electricity. On page 60 is shown such a breakdown for 
the popular top-freezer refrigerator in the mid-range 
capacity of 15 cubic feet. 

As you can see, a refrigerator expends power in eight 


different ways, one of which — the compressor motor 
loss — accounts for more than one-fourth of the total. 
Next in line is the combined loss due to the mullion heat¬ 
ers, fan motor and defrost heater; then comes the ideal 
vapor compression power and finally the loss associated 
with the temperature rise of the condenser. These four 
largest items account for about 71 per cent and the other 
four items account for about 29 per cent of the total input 
power. 

The power input to a refrigerator is determined by the 
“run” time of the compressor unit, which varies with 
changes in outside temperature and humidity; with the 
“live” load of ice-making and food cooling; and with the 
frequency of door openings. You can see the effects of 
temperature and humidity in the graph on page 61 of the 
energy consumed by a 17-cubic-foot, side-by-side, re¬ 
frigerator freezer located in a Boston suburb. This one- 
year record clearly shows the effect of higher tempera¬ 
tures and humidity charaaeristic of summertime opera¬ 
tion. 
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Schematic of a Refrigerator's Sealed System 
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Designing a Better Refrigerator 

With knowledge of how energy is used in the refrigerator, 
we can estimate the energy savings achieved by various 
design changes. And, knowing the value of those energy 
savings we can compute how much a consumer could 
afford to pay for a particular change and still break even; 
if the actual cost of the improvement turned out to be 
less, he would save money. 

For example, we could replace resistance heating by 
condenser tubing to prevent sweating on the mullions. 
According to the energy table on page 60, this would save 
20 watts of electrical power or 175.2 kwh. per year. At 3 
cents per kwh. this will save $5.26 each year. Paying for 
this improvement at the outset, however, would mean 
foregoing interest on a given amount of money. Assuming 
9 per cent interest and a 10-year amortization period, the 
equal-payment amortization rate is 15.6 per cent. This 
means the upper bound on what the consumer could af¬ 
ford to pay for this design change is $33.70 
($5.26/0.156). $ince the cost to the consumer of replacing 
the electrical resistance heater by a portion of the con¬ 
denser tubing is expected to be less than this amount, this 
proposed change may be economically justified. Recently, 
however, many manufacturers have introduced switches 
to allow the user to shut off the mullion heater under 
low-humidity conditions. This approach is cheaper in 
first-cost than using condenser tubing and may be lower 
in overall cost if the user does, in fact, use the switch. 

Next, we consider the effect of lowering the condenser 
temperature by providing more surface area. To a first 
approximation, somewhat more than doubling the sur¬ 
face of a natural-convection condenser should reduce the 
mean temperature from 122°F. to 101°F., with a saving of 
13 watts of power for vapor compression. This corre¬ 
sponds to 24.4 watts of input power when motor and 
compressor efficiencies are accounted for. The $6.41 an¬ 
nual energy cost saving sets an upper bound of $41.10 on 
the selling price increase the consumer can afford to pay. 
Since this is expected to be greater than the actual price 
increase a larger condenser probably can be economically 
justified, even though it may reduce the ratio of usable to 
total volume of the machine. 

Finally, what might be the cost effectiveness of several 
design changes made in combination? Assume that we: 

— Increase insulation by changing from fiberglass to 
polyurethane foam. 

— increase the motor efficiency from 66.7 to 76.7 per 
cent. 

— Use condenser tubing in lieu of resistance heaters to 
prevent sweating on the mullions. 

— Increase the evaporator surface to reduce the tempera¬ 
ture drop from 18°F. to 9°F. 

— Increase the condenser surface to reduce the mean 
temperature rise in the system from 42°F. to 21°F. 

— Modify the compressor unit to reduce superheat from 
160°F. to 80°F. at the compressor inlet. 

According to estimates by engineer Wing S. Chow in an 
M.I.T. master’s thesis, the insulation change would 
eliminate 39 watts of heat load, reducing it from 141 to 
102 watts. 

Based on the figures on page 60, the total input power 
after these six changes would be about 97 watts, in con¬ 
trast to the 210 watts required before. This set of changes 
would reduce annual energy consumption 990 kwh., 
from 1,840 kwh. to 850 kwh. At 3 cents per kwh., this 
means a saving of $29.70. This figure places an upper 
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Mullion heaters 

Fan motor 

Defrost heater 

Compressor motor 

(electrical and mechani¬ 
cal losses based on 
66.7 per cent efficiency, 
58; compressor friction 
loss based on mechani¬ 
cal efficiency of 80 per 
cent, 23; vapor com¬ 
pression power lower 
limit, 30. Extra power 
required for lower 
evaporator temperature 
of -18°F., 12 watts; for 
higher condenser tem¬ 
perature of 42°F., 26 
watts; for superheat at 
compressor inlet of 
160°F., 11 watts.) 

Miscellaneous 

inefficiencies 


Electrical 

power 

Input 

(average 

watts) 

20 



Leakage: 

Freezer 

Refrigerator 

Door opening: 
Freezer 
Refrigerator 

Mullion heaters 

Fan motor 

Defrost heater 

Total 


Heat 

load 

(average 

watts) 

42 

58 


4 

14 

8 

7 

8 
141 


Power requirements for a 15-cubic-foot, self-defrosting, 
top-freezer refrigerator. The assumptions are that: outside 
temperature is 8(f F.; the refrigerator is kept at 37° F.; and the 
freezer at CPF. The author assumes the freezer and refrigerator 


bound of S190.50 on the increase in purchase price, as¬ 
suming an interest rate of 9 per cent and an amortization 
period of ten years. We would expea the effect of this set 
of design changes on the purchase price to be less than 
this, so the changes appear to be economically justified. If 
the above changes could be made at a price increase of 
$90 the consumer would save $15.67 a year. 

If there were complete replacement of the present re¬ 
frigerator population — 70 million machines with these 
new machines — there would result a saving of $1.1 
billion a year for the nation. Using the more 
energy-efficient machines would reduce the share of the 
residential electricity budget taken up by the refrigerator 
from about 20 per cent to about 10 per cent. This change 
would reduce the refrigerator component of the overall 
U.S. load from an estimated 7 per cent to 3.3 per cent, a 
saving of 3.7 per cent. If this reduction had been accom¬ 
plished as of 1974 it could have saved 62.6 billion kwh. 
which corresponds to a third of a million barrels of oil a 
day — about 5.4 per cent of our oil imports. 

In the past consumers have had little choice in the mat¬ 
ter of energy consumption when purchasing frost-free re¬ 
frigerators, but now this is changing; there are choices 
available if one knows how to make them. To illustrate. 


doors are opened 25 and 50 times per day, respectively, under a 
condition of 60 per cent relative humidity. These results were 
based on tests of over 100 machines manufactured in the years 
1966 through 1972. 


suppose you want to purchase a 16-cubic-foot, frost-free, 
top-freezer refrigerator. Amana offers two models in this 
size that are almost alike except one has an energy con¬ 
sumption of 192 watts and the other, 121 watts, because 
of better insulation and other improvements. As of 1975, 
the first model is available for $440 and the second, $550, 
delivered in the Boston area. The electricity rate is 4.70 
cents per kwh. for a typical customer. Assume that you 
intend to keep your machine for ten years, to operate it 
the year round, and expect to have negligible resale value 
at the end of this ownership. 

On page 62 I have computed the annual cost of run¬ 
ning the refrigerator using all of these cost factors 
reflected into the first year’s operation. The computations 
show a $7.40 annual saving for the more energy-efficient 
machine. If interest on the investment were omitted, the 
differential would increase to $17.30, corresponding to a 
15.7-per-cent return on the extra investment needed to 
purchase the more efficient machine. This saving or re¬ 
turn on investment is probably about as low as it can be 
and still cause a rational buyer to switch to the more 
efficient machine, considering the uncertainties in his life 
and the life of the equipment. Thus the 4.7-cent-per- 
kwh. electric rate is the approximate threshold above 
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No refrigerator is an island unto itself, but is affected by the 
temperature and humidity of the outside air, as shown in this graph. 
These tests on the refrigerator in the author's home showed 
definite variation in refrigerator energy use throughout a one-year 
period. The average power used for the test period was 5.19 


which an investment in the more energy-efficient machine 
becomes attractive. 

Energy and Other Appliances 

In improving energy efficiency we should also examine 
other energy users in the home. Electrical heating in vari¬ 
ous applications is a big energy user: the four most 
important of these are space heating, clothes drying, 
cooking, and water heating, which account for about 
one-third of the residential consumption. Unfortunately, 
electric ranges and water heaters don’t offer much 
opportunity for improvement as long as direct resistance 
heating is used; converting electrical energy into heat 
using a resistor is a 100-per-cent-efficient process, and the 
only way to improve efficiency is to reduce heat loss after 
the conversion process. For instance, electric water heat¬ 
ers could be improved somewhat through better insula¬ 
tion. James J. Mutch of the Rand Corp. estimates a 
9.6-per-cent saving in energy if the optimum insulation 
thickness were used. Also, use of heat pumps or inte¬ 
grated water-heater-refrigerator units may give improved 
economy and energy utilization in the case of electric 
water heating. 

Although we have not studied the clothes dryer in de¬ 
tail, there does not seem to be much room for improve¬ 
ment here, since it doesn’t appear practical to use heat 
exchangers to recover exhaust heat. Also, only minor sav¬ 
ings can be made through optimization of the operating 
cycle, such as better control of temperature and drying 
time. 

Saving energy in electrical home heating is a complex 


kwh./day; the 20-day maximum was 6.20 kwh./day; the 20-day 
minimum was 4.66 kwh./day. The average power is lower than 
normal because of a 4? F. higher freezer temperature and a lower 
average environmental temperature than is typical. 


proposition. It may be possible to use heat pumps, either 
alone or with solar energy. Heat pumps are essentially 
“air conditioners (or refrigerators) turned around,’’ using 
electricity to cool the outside air while warming the in¬ 
side. They use electricity more efficiently than do resist¬ 
ance heaters, using one unit of work to transfer two to 
four units of heat to the inside of a house, depending on 
temperatures. Although combined solar-heat-pump sys¬ 
tems are probably economical in some areas of the U.S., 
they involve high initial outlays, which may discourage 
builders from installing them. Furthermore, as long as 
fossil fuels are being used to generate electricity, there 
seems to be little reason for not using such fuels directly 
for heating purposes, rather than indirectly. The 
coefficients of performance of typical heat pumps hardly 
offset the loss of energy associated with electric genera¬ 
tion, transmission, and distribution. From an energy con¬ 
servation viewpoint, general use of electric space heating 
by resistance heaters should be discouraged, especially 
since it usually costs more than other means at current 
and projected energy prices. 

Although lighting is not considered an appliance in the 
commonly accepted sense, it uses energy and can be made 
more efficient. Despite the well-known high efficiency of 
mercury vapor and fluorescent lamps, the homeowner 
has been slow in abandoning incandescent lamps. Many 
students of the energy problem have urged lighting 
equipment suppliers to produce lamps and fixtures that 
would make it easier for the homeowner to change to 
these more efficient sources. We estimate that about 5 per 
cent of residential electricity could be saved by large-scale 
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The top table compares the annual cost (1975 dollars) of owning 
two models of 16-cubic-fool refrigerator-freezers and shows an 
overall saving for the more expensive model because of 
energy-saving features. The saving is strongly dependent upon 
the marginal electric rate. 


Goals for the Department of Commerce s Voluntary Appliance Energy 
Efficiency Program. Appliance manufacturers have agreed to improve 
the efficiency of their products by these percentages by 1980. The 
base energy levels are for 1972 models. The program was established 
by presidential order in January, 1975. 



S440 Model 
(192 watt) 

$550 Model 
(121 watt) 

Electricity 
(S0.047 per kw.h.) 

S79.50 

$49.81 

Service 

(two S30-incidents in 10 years) 

6.00 

6.00 

Home maintenance 

(1.5 hours at S4.00 per hour) 

6.00 

6.00 

Depreciation 

(sinking fund at 9 per cent to inflated 
replacement value at 5 per cent) 

47.76 

59.70 

Interest 
(9 per cent) 

39.60 

49.50 

Total annual cost 

$178.41 

$171.01 


Proposed per cent 
improvement in energy usage 

Room air conditioners 

22 

Refrigerators and 
refrigerator-freezers 

30 

Freezers 

25 

Water healers, gas 

25 

Water heaters, electric 

9 

Ranges, gas 

30 

Ranges, electric 

10 

Clothes dryers, gas 

12 

Clothes dryers, electric 

6 

Clothes washers 

10 

Dishwashers 

18 

Television receivers, monochrome 

48 

Television receivers, color 

42 


change to vapor discharge lamps. 

Air conditioning creates another major residential 
load. As is obvious from newspaper accounts of brown¬ 
outs on hot summer days, it has become a heavy energy 
user, perhaps constituting about 10 per cent of the annual 
U.S. electrical load. Much of this load is imposed by room 
air conditioners which are known to vary considerably in 
their coefficients of performance. The Association of 
Home Appliance Manufacturers publishes energy ratings 
in its guide and nameplates attached to units carry these 
ratings also. Thus, the purchaser has the information 
needed to decide wisely in buying his room air con¬ 
ditioner. 

Finally, we come to the ubiquitous television set, which 
today accounts for 5 to 6 per cent of residential energy 
consumption. Modern solid-state circuitry has not re¬ 
duced power consumption for television so much as it has 
for other electronic devices, perhaps because of large 
power losses in operating the electron deflection circuits 
in the picture tube. Although power required for a typical 
color television set has gone down from about 300 watts 
to about 200 watts, as the result of solid-state circuits, 
further reduction will probably require major 
modification of the deflection drives. Of course, replace¬ 
ment of the picture tube by some new electrostatically 
controlled device could result in substantial energy sav¬ 
ings. 

Energy conservation is probably the greatest challenge 
in the history of the home appliance industry. One step in 
meeting this challenge is the recent establishment of vol¬ 
untary energy-efficiency goals by appliance manufactur¬ 
ers and the Department of Commerce. The goal is a 20 
per cent average energy reduction by 1980 for 13 
categories of appliances (see left for list). The standards 
were established based on the improvements that could 
be expected from each category. 

Besides the ingenuity that the appliance industry will 
undoubtedly exhibit in meeting these standards, we need 
enlightened government energy policy. Such policy must 
represent a balance among many aspeas, one of which is 
energy utilization and conservation. In this area, gradual 
decontrol of energy prices and more emphasis on 
energy-conservation research will help. And, of course, 
the consumer must be given the information and educa¬ 
tion needed to decide wisely about appliance purchases. 
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This list of energy requirements for selected typical modern re¬ 
frigerators shows the variations among different brands. All the re¬ 
frigerators are top-freezer, automatic defrost models, of about 15 cubic 
feet. When two lines are given for one refrigerator, the unit has a 
switch for shutting off the mullion heater — one line shows require- 
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Who Plays (Baseball, 
Is It?), and Where 


It’s time to answer our yearly problem — 
and to start on the next one. 

Last January we were asked to take the 
digits 1, 9, 7, and 5; the operators , 
‘(multiply), /(divide), and “( exponen¬ 
tiate); and form the integers from 1 to 100 
using each digit once and the fewest pos¬ 
sible number of operators. Parentheses 
were allowed to indicate the order of op¬ 
eration, and in case of a tie a solution 
using 1 9 7 5 in order was to be favored. 
Tile answers appear under “Solutions,” 
below. 

Y1976 Now is the time to work on 
1 9 7 6. Same rules as above; send your 
solutions before November 1, 1976 — or, 
better yet, as soon as you have them. 

Problems 

Having given you a problem to last for the 
year, here are some to last for the month: 
JAN 1 Our first offering is an eight-card 
bridge problem from Emmet J. Duffy: 

♦ A 2 
¥ A2 

♦ A432 

*- 

A J 10 9 
¥ J 10 9 
♦ 9 8 

*- 

«4 3 
¥43 

♦ - 

*5 43 2 

Clubs are trump. North leads. The prob¬ 
lem: North and South to take all eight 
tricks against any defense. 

JAN 2 Mary Lindenberg submits the fol¬ 
lowing problem from the U.S.A. 
Mathematics Olympiad: Consider two 
triangles ABC and PQR, shown above. 
Angle ADB = angle BDC = angle CDA = 
120°. Prove that X = u — v — w. 

Jan 3 L. W. Sprodin wonders: If you 
drop a six-inch pencil onto a tiled floor, 
each tile a 12-inch square, what is the 
probability that the pencil will cross at 
least one edge? 

JAN 4 The following entertaining prob¬ 
lem, entitled “Who Plays Where?,” is 
from Anne Goetting: 


A 



1. Andy dislikes the catcher. 

2. Ed’s sister is engaged to the second 
baseman. 

3. The center fielder is taller than the 
right fielder. 

4. Harry and the third baseman live in 
the same building. 

5. Paul and Allen each won $20 from 
the pitcher at pinochle. 

6. Ed and the outfielders play poker 
during their free time. 

7. The pitcher’s wife is the third 
baseman’s sister. 

8. All the battery and infield, except 
Allen, Harry, and Andy, are shorter 
than Sam. 

9. Paul, Andy, and the shortstop lost 
$50 each at the race track. 

10. Paul, Harry, Bill, and the catcher 
took a trouncing from the second 
baseman at pool. 

11. Sam is involved in a divorce suit. 

12. The catcher and the third baseman 
each have two children. 

13. Ed, Paul, Jerry the center fielder, and 
the right fielder are bachelors. 

14. The others are married. 

15. The shortstop, the third baseman, 
and Bill each cleaned up $100 betting 
on the fight. 

16. One of the outfielders is either Mike 
or Andy. 

17. Jerry is taller than Bill. 

18. Mike is shorter than Bill. 

19. Each of them is heavier than the third 
baseman. 

Who plays where? 


* K Q 
¥ K Q 

* K Q J 10 

* - 


Puzzle Corner 
Allan J. Gottlieb 


R 



JAN 5 We end on a serious note; the fol¬ 
lowing problem in abstract algebra is 
from William B. Ackerman: Let Sj be the 
sequence of polynomials in the variables 
tr A, tr A'^ tr A’’,.. . defined by the recur¬ 
rence relations 
$ 1 ) = 1 and 

S^ = 1/N(Sn., tr a - Sk.- tr A" -K Sk.;, 

trA"- A"*). 

(At this point, tr A, tr A^, etc., should be 
considered simply abstract variables. For 
example, tr A^ is not the square of tr A.) 
The first few polynomials are easily found 
to be: 

S„ = 1 
S| = tr A 

s, = i- (tr A)* - tr A« 

Sj = "I- (tr A)“ - -i- tr A tr A» + y tr A» 

S. = ^ (tr A)< - (tr A)‘ tr A* + 

24 4 

tr A tr A^ -i- (tr A^)* - y tr A' 

Now let “tr” denote the trace of a matrix, 
which is just the sum of the elements on 
the main diagonal, tr A' means the trace of 
the matrix A', using matrix multiplication 
to produce A' and then taking the trace of 
the result. If A is an N X N matrix, prove 
that its determinant is the value of $.v. 

Solutions 

The following are solutions to problems 
which appeared in the July/August issue. 
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{am + bn|0 s m, 0 s n}. 

To motivate the derivation, consider the 
case where a = 5 and b = 7. Arrange the 
integers in five columns, as shown below. 
Now all integers in the a-th column are 
generated. In the column containing b, all 
integers of the form b + ma are generated, 
and [b/a] integers are not generated, where 
[x] represents the integer part of x. In the 
column containing xb, [xb/a] integers are 
not generated, for 1 s x < a. 



J/A 1 Starting from the beginning posi¬ 
tion, what is the minimum number of 
moves required to reach the following: 

Our minimal solution is the following 
33 moves from William J. Butler, Jr.: 


1. p — 

KR4 

P — KR3 

2. P — 

QN4 

P — QR4 

3. B — 

N2 

P X P 

4. B — 

K5 

P — QN4 

5. B — 

R2 

R X P 

6. P — 

N4 

P —QB4 

7. P — 

N5 

P X P 

8. P — 

R5 

N —KB3 

9. P — 

R6 

N —R4 

10. P — 

R7 

R — N1 

11. P — 

R8(Q) 

P —N3 

12. Q — 

.Q4 

P —K4 

13. P — 

KB4 

KPx Q 

14. N- 

■KB3 

P X P 

15. N- 

• R4 

P —Q6 

16. N- 

■B5 

P X N 

17. B — 

N2 

R —N6 

18. B — 

B6 

P X B 

19. P — 

K4 

R —R4 

20. R — 

QR3 

B —KR3 

21. Q- 

•N4 

N —N2 

22. R — 

B3 

N —Q2 

23. K — 

Q1 

N —B3 

24. R — 

K1 

N(B3) — R4 

25. N- 

■ R3 

Q —N4 

26. P — 

K5 

K — K2 

27. P — 

K6 

K — Q3 

28. P — 

K7 

P — B3 

29. P — 

K8(N)ck 

K —Q4 

30. N- 

-B4 

B — K3 

31. N(B4) —Q6 

B —B2 

32. R — 

K6 

Q —N3 

33. Q- 

-N5 

R — K6 


Solutions were also received from 
Richard I. Hess and the proposer, Paul 
Reeves. 

J/A 2 Find integers 0 < a < b such that 
for all pairs of non-negative integers m 
and n the linear combinations na -t- nb fail 
to include exactly 35 positive integers, one 
of which is 58. 

The following is a slightly modified ver¬ 
sion of a solution submitted by Frank 
Rubin: 

To start off, find a formula F(a,b) for the 
number of integers not generated in the 
positive linear combinations 


1 

2 

3 

4 

5 

6 


8 

9 

>0' 

11 


13 

>r 


16 

yr 

18 



jr 


23 

>r 




ys 

yr 

3^ 



y; 

3>< 



yf 

, , 




Now, for general a and b, if a = 1 then 
F(a,b) = 0. Otherwise, if gcd(a,b) = p, p 
> 1, then F(a,b) = »= since only multiples 
of p are generated. The remaining case is 
where 1 < a < b and gcd(a^b) = 1. In this 
case, F{a,b) = [b/a] -I- (2b/aj -I-... -t- [(a — 
l)b/a]. To reduce this to a closed form, 
notice that xb/a = [xb/a] + fraction, 
where the fractional parts for x = 1, 2, 

. .. , a - 1 are all distinct. Hence F(a,b) = 
b/a -I- 2b/a -I- ... -H [(a - l)b]/a - [1/a + 
... H- (a - l)/a] = (a - 1) (b - l)/2. Now, 
from the original problem, F(a,b) = 35 
so (a — l)(b — 1) = 70. Possible fac¬ 
torizations of 70 are 1-70,2-35,5 T4, and 
7T0, giving the values a = 2, b = 71; a = 
3, b = 36; a = 6, b = 15; and a = 8, b = 
11. Since we also have gcd{a,b) = 1, the 
only possible pairs are a = 2, b = 71; a = 
8, b = 11. Since we have the additional 
fact from the problem that 58 is not gen¬ 
erated, a = 2, b = 71 is not possible. 

Also solved by Gerald Blum, Winslow 
H. Hartford, Frank S. Model, R. Robin¬ 
son Rowe, E. Jamin, William J. Butler, Jr., 
and Richard I. Hess. 

J/A 3 Produce an explicit one-to-one cor¬ 
respondence between the points in the 
unit interval 0 s x ^ 1 and in the unit 
square 0 ^ x,y ^ 1. 

Many people offered the “obvious” 
correspondence, which does not quite 
work. The proposer starts with this cor¬ 
respondence and then fixes it up: 
Presented with the task of constructing a 
single one-to-one correspondence between 
the points of the closed segment [0,1 ] and 
the points of the closed square region [0, 
1 ] X [0, 1 ], one may propose the follow¬ 
ing device for the required association 
a <—> (x, y): write a in decimal form; 
take the first, third, fifth, etc., digits to be 
the decimal expression for x, and take the 
second, fourth, sixth, etc., digits to be the 
decimal expression for y. Although this 
scheme is straightforward, it does not 
produce a one-to-one correspondence be¬ 
cause it allows no simple way of consist¬ 
ently avoiding superfluous decimal ex¬ 
pressions ending only in repeated 9s. Let 
us insist from the start that such expres¬ 


sions are not allowed for a, x, or y. Then if 
a = .50939393 . .., the proposed device 
would have x = .5999 . . ., which is not 
allowed, and, if allowed, would be redun¬ 
dant. 

There is a simple way to modify our 
scheme so that repeated 9s are avoided in 
a consistent manner. This modification is 
perhaps best explained by illustration. If a 
= .239943699925947 ..., partition the 
decimal sequence for a into groups of dig¬ 
its as follows: 

a - .2/3/994/3/6/992/5/94/7^_ 

Note that every 9 or string of consecutive 
9s is grouped with the next digit which is 
not a 9. Otherwise, the groups are single 
digits. We now use the resulting sequence 
of groups to form decimal expressions for 
X and y in analogy to the original proce¬ 
dure, taking the first, third, fifth, etc., 
groups for x, and the remaining groups 
for y. For the case being illustrated we get 
X = .2/994/6/5/7/. .., and y = 

.3/3/992/94/. .. . Technically, our device 
only yields a one-to-one correspondence 
between the half open interval [0, 1) and 
the half open square [0, 1) X [0, 1). How¬ 
ever, it is not difficult to use this device to 
construct a one-to-one correspondence 
between [0, 1 ] and [0, 1 ] X [0, 11, and, in 
fact, the correspondence can be accom¬ 
plished in a very general way. Most useful 
toward this end is the simple one-to-one 
correspondence now provided between 
the closed segment [0, 1 j and a closed disc 
of unit radius. We take polar coordinates 
r, t) about the disc’s center and extend the 
above correspondence a <—* (x,y) by set¬ 
ting d = 2m, r = 1 — y, and further 
matching the end point a = 1 with the 
center of the disc. It is an easy task to map 
the closed disc above onto a closed square 
region, or onto any closed and bounded 
convex region. This correspondence can 
be directly accomplished by taking as a 
center for new polar coordinates r'. O', a 
point inside the specified region (for a 
square, at its center). If E(6') denotes the 
radial coordinate of the point on the 
region’s edge having angular coordinate 
O', we extend the above chain of corre¬ 
spondence a <—► (x,y) <—» (r, 0) to (r', 
O') via the equations O' = 0, r' = E(0) ■ r. 

Responses were received from Thomas 
Greenway, William J. Butler, Jr., E. 
Jamin, Richard I. Hess, R. Robinson 
Rowe, Glenn Ferri, Frank Rubin, and 
Gerald Blum (in conjunction with G. Can¬ 
tor). 

J/A 4 Find four distinct positive integers 
such that the sum of any three is a perfect 
square. 

Craig Gander claims the only three 
solutions less than 100 are 


1 

22 

41 

58 

9 

34 

57 

78 

14 

41 

66 

89 


Also solved by John Unger, Gerald 
Blum, Frank Rubin, R. Robinson Rowe, 
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Richard 1. Hess, E. Jamin, William J. But¬ 
ler, Jr., Frank S. Model, Winslow H. 
Hartford, Roger Milkman, Walter F. 
Penny, Emmet j. Duffy, Peter Groot, 
Harry Zaremba, Arun Trikha, Scott 
Peterson, Herbert B. Wyman, Neil F. 
Hopkins, William Benton Fisher, and the 
proposer, Fritz Olenberger. 

J/A 5 The problem was an acrostic, and 
space is inadequate to reprint it. The solu¬ 
tion reads, “We are now in a position to 
illustrate how kinetic theory can supple¬ 
ment an empirical thermodynamic for¬ 
mula with a physical model,” and prints 
of the original puzzle may be had on re¬ 
quest from the Editors of the Review, 
Room E19-430, M.I.T., Cambridge, 
Mass., 02139. 

Solutions were received from Harry 
Zaremba, Gerald Blum, W. Allen Smith, 
Nancy Burstein, Michael H. Auerbach, 
Paul McAllister, Mary Fenocketti, Glenn 
Rowsam, Roger Milkman, Richard I. 
Hess, R. Robinson Rowe, and the pro¬ 
poser, Dawn Friedell Jacobs. Several 
readers commented favorably on the 
problem, and Ms. Jacobs is to be com¬ 
plimented. 

Y1975 From the four digits 1, 9, 7, and 5, 
construct integers from I to 100 using 
only -I-, —, *(multiply), /(divide), and 
** (exponentiate). The best answer for a 
given number is the one with the lowest 
“point value,” one point being assigned 
for each occurrence of -I-, —, *, /, or **. 
(For a further description, and for an ex¬ 
tension of the problem to 1 9 7 6, see the 
second paragraph of this column.) 

No one was able to obtain 23, 41, 55, 
71, 86, and 90. Several solutions purport 
to be exhaustive computer searches, so 
these numbers are presumably unattaina¬ 
ble. The following list is from William R. 
Kampe 111. Others equaled his total of 
198 operators. 


Number 

Score 

Sol ution 

1 

1 

1**579 

2 

2 

(19 - 5)/7 

3 

1 

57/19 

4 

2 

5 - 1**79 

5 

2 

5*1**79 

6 

2 

(5 1 - 9)/7 

7 

2 

19-5-7 

8 

2 

91/7 - 5 

9 

2 

9* 1**57 

10 

2 

9 -1- 1**57 

11 

3 

(7 - 5)*1 -f 9 

12 

1 

71 - 59 

13 

2 

15-9-1-7 

14 

3 

(1**7)*5 -1- 9 

15 

3 

1**9 -6 5-1-9 

16 

1 

91 - 75 

17 

2 

15-7-1-9 

18 

2 

91/7 + 5 

19 

3 

(7 - 5)*9 + 1 

20 

3 

5-1+7-69 

21 

2 

17-5 + 9 

22 

3 

I + 5 + 7 + 9 

23 



24 

1 

95 - 71 

25 

3 

5**(9 - 7)*1 


26 

2 

71 - 9*5 

27 

3 

5*7 - 9 + 1 

28 

1 

79 - 51 

29 

3 

(9 - 5)*7 + 1 

30 

2 

(9 - 7)* 15 

31 

2 

15 + 7 + 9 

32 

3 

(9 - 7)* *5*1 

33 

3 

(9 - 7)**5 + 1 

34 

1 

91 - 57 

35 

2 

51 - 7 - 9 

36 

3 

(5 - 1**7)*9 

37 

3 

(5 - 1)*7 + 9 

38 

1 

57 - 19 

39 

3 

(7 - 1)*5 + 9 

40 

2 

(17 - 9)*5 

41 



42 

1 

59 - 17 

43 

3 

(5 - 1)*9 + 7 

44 

3 

1*5*7 + 9 

45 

3 

5*7 + 1 + 9 

46 

1 

97 - 51 

47 

2 

57-1-9 

48 

2 

(57 - 9)*1 

49 

2 

51-9 + 7 

50 

3 

(1**7 + 9)*5 

51 

2 

59-1-7 

52 

2 

(59 - 7)*1 

53 

2 

51-7 + 9 

54 

2 

5*7 + 19 

55 



56 

1 

75 - 19 

57 

2 

71-5-9 

58 

2 

1**9 + 57 

59 

2 

(1**7)*59 

60 

2 

(19 - 7)*5 

61 

3 

(1 + 5)*9 + 7 

62 

2 

9*5 + 17 

63 

3 

(1**5)*7*9 

64 

1 

79 - 15 

65 

2 

57-1+9 

66 

2 

57*1 +9 

67 

2 

51 +7 + 9 

68 

2 

(9 - 5)*17 

69 

3 

7*9 + 1 + 5 

70 

3 

(1**5 + 9)*7 

71 



72 

2 

(15 - 7)*9 

73 

2 

79-1-5 

74 

2 

(79 - 5)*1 

75 

2 

71-5+9 

76 

1 

17 + 59 

77 

3 

(7 + 1)*9 + 5 

78 

1 

95 - 17 

79 

2 

91-5-7 

80 

2 

1**5 + 79 

81 

3 

(7 + 9)*5 + 1 

82 

1 

97 - 15 

83 

2 

75-1+9 

84 

2 

75*1 +9 

85 

2 

71+5 + 9 

86 




2 


88 

2 

(95 - 7)*1 

89 

2 

91-7 + 5 

90 



91 

2 

97-1-5 

92 

2 

(97 - 5)*1 

93 

2 

91-5 + 7 

94 

1 

15 + 79 

95 

2 

(1**7)*95 

96 

2 

15*7 - 9 

97 

2 

(1**5)*97 


98 2 (19 - 5)*7 

99 3 (9 -1- 5)*7 -I- 1 

100 3 (1 -l-9)*»(7-5) 

Contributions were also received from 
Richard I. Hess, Edward Friedman, Jim 
Stuart (my old roommate, Tulsa?), R. 
Robinson Rowe, Gerald Blum, Harry 
Zaremba, Craig Presson, William E. Peck, 
B. W. Letoumeau, and Harvey Goldman. 

Allan J. Gottlieb studied mathematics at 
M.l.T. (S.B. 1967) and Brandeis (A.M. 
1968, Ph.D. 1973); he is now Assistant 
Professor of Mathematics at York College 
of C.U.N.Y. Send problems, solutions, 
and comments to him at the Department 
of Mathematics, York College, 130-14 
Jamaica Ave., Jamaica, N.Y. 11432. 


Norman 


Continued from p. 6 

for setting broad national energy policy, 
while E.R.D.A. and the Federal Energy 
Administration are charged with the task 
of putting policy into practice. And 
many other units in the federal govern¬ 
ment — for instance, the Departments of 
Transportation and the Interior, the 
Environmental Protection Agency, the 
Nuclear Regulatory Commission, the 
Federal Power Commission, and the 
Council on Environmental Policy — also 
have their fingers in the pie. 

But the departure of Rogers C. B. Mor¬ 
ton as Commerce Secretary and Chair¬ 
man of the Energy Resources Council has 
again left a gap at the top of the energy 
policy apparatus. And with the Adminis¬ 
tration and Congress increasingly at log¬ 
gerheads on virtually every aspect of 
energy policy — not to mention the fact 
that congressional committee jurisdic¬ 
tions are so hopelessly confused that 
there’s no unit taking a broad legislative 
view of energy matters — a coherent 
energy strategy has yet to emerge. 

In 1974, when the bill establishing 
E.R.D.A. was debated in Congress, a few 
sage observers argued that a much more 
ambitious reorganization of the federal 
bureaucracy is needed to cope with energy 
policy. Representative Mike McCormack 
(D.-Wash.) observed that simply setting 
up an energy hardware development 
agency would leave too many isolated 
units with a share in energy policy, and 
that continued confusion could result. He 
may well be proven correct. 

Colin Norman is Washington Corre¬ 
spondent for Nature and a regular contri¬ 
butor to Technology Review. 
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and the narrower pursuit of commercial 
interests by domestic industry — are all 
present to some degree in each transna¬ 
tional project and by every country seek¬ 
ing to collaborate. The diversity of these 
objectives makes it difficult to assess the 
results. Yet the nettle of evaluation must 
be grasped. 

Problems of management appear up¬ 
permost. Very few people know, for in¬ 
stance, that the Concorde project lan¬ 
guished three years after the initial agree¬ 
ment was signed while the British Aircraft 
Corp. and Sud haggled out a common ob¬ 
jective. The disagreements on size, range, 
and so on manifested a structural vacuum 
in which conflict resolution could only be 
tortuous. 

This same management gap was re¬ 
sponsible for the demise of the largest col¬ 
laborative program the U.S. has joined so 
far. The Main Battle Tank ’70, a 
German-American weapon for the 1970s, 
cost more than $400 million between 
1963 and 1970 but never progressed 
beyond a few prototypes. Again, the im¬ 
possibility of bringing two separate na¬ 
tional management structures into agree¬ 
ment loaded delay and excessive cost on¬ 
to the project. 

The projects that worked were those in 
which a spirit of internationalism was 
more appropriate. For instance, cern, a 
particle accelerator built at Geneva, was a 
scientific tool, not a commercial product 
beset by indecent rivalries over markets 
and production facilities. But in another 
case of technical collaboration — the 
Dragon high-temperature reactor — 
paralysis set in as commercial application 
became necessary. The five Common Mar¬ 
ket countries still engaged in the project 
since its inception in 1959 are meeting 
now to determine its fate. Dissolution is 
imminent though terms have not yet been 
set. 

Looking Backward, Standing Still 

The comparison of a program’s results 
with its initial objectives may seem an ob¬ 
vious necessity to the authors of manage¬ 
ment textbooks, but there is no evidence 
of such an enterprise in Europe. From en¬ 
thusiasm for collaboration in the 
mid-1960s, most European governments 
have passed without any stock-taking to a 
position of stasis. Little is being built now 
upon the foundations of collaboration so 
painfully laid. 

Transnational projects build in man¬ 
agement inefficiencies. Some of the major 
achievements — the transfer of electronics 


technology in the Hawk program, the de¬ 
velopment of sophisticated systems for 
supersonic flight in Concorde, the re- 
invention of efficient management struc¬ 
tures in Symphonie — could have been 
achieved at lesser cost by individual na¬ 
tions on their own. 

Further, cooperative projects are par¬ 
ticularly hard to monitor. Financial ac¬ 
countability and executive direction alike 
suffer from the contorted structures 
needed to achieve progress. The lack of 
responsiveness which national programs 
in advanced technology show toward con¬ 
trol by representative bodies is already a 
subject for discontent in the U.S. as in 
Europe. Transnational programs impose 
extra levels of bureaucracy and differing 
political systems so that the “right of the 
people to know what is being done on 
their behalf” becomes almost a mockery. 

Finally, in transnational programs, se¬ 
lecting the best project and adjusting the 
enterprise to market demands become 
subordinate to the political necessities of a 
common objective and the equal involve¬ 
ment of the funding agencies. 

If these criticisms of transnational proj¬ 
ects seem harsh, it is because much is 
claimed for them. If their principal benefit 
must be a contribution to international 
understanding, and not the right project 
at the right price, then we must recognize 
their enormous expense. Transnational 
projects are not the poor man’s answer to 
the increasing cost of research and de¬ 
velopment. 

Christopher Harlow is a consultant on 
economic studies with Peat, Marwick, 
Mitchell in London. He is author of 
numerous studies of innovation and trans¬ 
national projects as Research Associate at 
the Institute for strategic studies. Trained 
initially as an engineer, he then read 
economics at Worcester College, Oxford. 


Coming of Age 
in the Company 

Formative Years in Business: A Long- 
Term A.T.&T. Study of Managerial Lives 
D. W. Bray, R. J. Campbell, and D. L. 
Grant 

New York: John Wiley and Sons Ltd., 
1974; xviii -(- 236 pp., $12.95. 

Reviewed by Edgar H. Schein 

Psychologists have always been interested 
in human development, but only in recent 
decades have systematic efforts been made 
to study “adult development,” occurring 
in the four decades or so between adoles¬ 
cence and old age. It is during this time 



that most of the crucial events of life take 
place: the building of a vocational career, 
marriage, child-rearing, and so on. There 
is no dearth of biographies, clinical 
studies, and theory about how adults de¬ 
velop. Such literature is rich in speculation 
about how our lives unfold, but leaves un¬ 
clear which propositions are more or less 
likely to be true. So one can only cheer 
when an empirical study is published that 
deals with roughly the first decade of this 
critical period. 

One of the main reasons why empirical 
studies of adult development have been 
sparse is the necessity to study a single 
sample over periods of time which may 
tax the researcher’s patience and funds. 
Cross-sectional studies of groups at dif¬ 
ferent ages do not permit one to assess 
how development occurs: individuals dif¬ 
fer so much that it hardly makes sense to 
build theories on cross-sections which av¬ 
erage such differences at the outset. 

Predicting Success 

Formative Years in Business narrows its 
focus to the occupation of “manage¬ 
ment,” and examines the first eight years 
of this career. The data come from a sam¬ 
ple of 274 men who were recruited be¬ 
tween 1956 and 1958 and put through 
an intensive “assessment” procedure for 
some three days prior to employment. The 
assessment staff, consisting of trained 
psychologists and assessors, put groups of 
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recruits into role-playing situations and 
gave them specially-constructed tests and 
interviews, in addition to the standard in¬ 
telligence, attitude, and personality tests. 
Based on all the information and test 
scores, each recruit was rated according to 
25 variables considered especially relevant 
to advancement in a managerial career: 
communication skills, human relations 
skills, primacy of work, energy, 
decision-making skill, and so on. The as¬ 
sessors then predicted who would rise to 
the third level of management in the Bell 
System within ten years. 

Clearly one goal was to determine 
whether or not one could predict success 
in management from the kinds of infor¬ 
mation that could be gathered about a 
person in an assessment procedure. But a 
second purpose was to study the dynamics 
of how the career unfolded and what 
kinds of early career variables would re¬ 
late to later success. Each man was tested 
and interviewed annually, his bosses were 
interviewed, and the entire assessment 
procedure was repeated after eight years 
at work. Those who left the Bell System 
were also followed up to permit system¬ 
atic comparisons with the people who 
stayed. 

It was determined that advancement 
rates varied greatly by company and de¬ 
partment. “Accounting” had the highest 
rates of promotion, while “plant” had the 
lowest. A global assessment based on all 
information available could be made for 
123 recruits who still worked within the 
Bell System: of the 61 predicted to reach 
middle management, 64 per cent did 
reach it; of the 62 predicted to fail to 
reach middle management, only 32 per 
cent actually reached it. Of the 25 vari¬ 
ables determining the predictions, the 
most significant were “oral communica¬ 
tion skills,” “human relations skills,” 
“decision-making skills,” “resistance to 
stress,” “need for advancement,” and 
“tolerance of uncertainty.” 

Certain characteristics of the early 
work environment also proved to be cru¬ 
cial predictors of later success: “job stimu¬ 
lation and challenge,” “structured versus 
unstructured assignments,” and a “boss 
who sets a good model of how to achieve 
success.” Yet it is difficult to attribute suc¬ 
cess either to personal characteristics 
alone, or to charaaeristics of the work 
situation alone. These factors seemed to 
interact, suggesting that the best prescrip¬ 
tion for success is to hire people with high 
potential and provide a work environ¬ 
ment that nurtures potential rather than 
permitting it to atrophy. 

Growing Older and Better 

An examination of changes in the group 
over eight years produced some surprises. 
For example, verbal ability, quantitative 
ability, and general knowledge increased 
in every case. The participants also be¬ 
came more self-confident, less dependent 
upon the opinion of superiors and peers. 


and more sure of their own goals. How¬ 
ever, administrative skills, interpersonal 
skills, and overall management ability did 
not change over the eight-year period. 

These changes were then related to de¬ 
gree of predicted and actual success in 
reaching middle management, with the 
surprising finding that only a few vari¬ 
ables showed any relationship to success. 
For example, on “forcefulness,” “like¬ 
ableness,” and “sensitivity to social cues,” 
the predicted successes who did not in fact 
make middle management decline, while 
the actual successes who were predicted to 
do so remain stable, and the successes 
who were predicted to fail rise. This 
finding strongly suggests that success or 
failure early in the career has more effect 
on some personality variables than simply 
experience or the passage of time. 

Most interesting to me was the 
identification of nine “life-themes,” rated 
for each participant: occupational, ego- 
functional, marital-familial, religious- 
humanistic, and so on. It was learned that 
success in reaching middle management 
was correlated with an initial difference 
among the participants on certain themes 
that subsequent changes made sharper. 
For example, the successful managers 
were initially more involved with their 
work and became more so; the less suc¬ 
cessful managers became relatively more 
involved with their families. The authors 
describe the more successful people as 
“enlargers”: people who seek new experi¬ 
ences and opportunities for personal 
growth and outward influence. The less 
visibly successful are described as “en- 
folders”: people more oriented toward 
goals of stability, tradition, and inward 
strength, and who seek to stabilize and 
build on what they have rather than look 
for the new. The authors warn us that 
both types are adaptive and that the tend¬ 
ency of the “enlarger” to be more success¬ 
ful in management does not in any way 
imply that he would be equally successful 
in other occupations. Nor does that tend¬ 
ency imply any less happiness or 
fulfillment in the “enfolder” group. 

Pitfalls of Definition 

This last issue highlights both the strength 
and weakness of this sort of research. Fol¬ 
lowing a single group within a single 
company for eight years and defining suc¬ 
cess as the attainment of a middle man¬ 
agement position makes it possible to 
study a whole variety of relationships 
without ambiguity. But the assumptions 
that attainment of a middle management 
position defines what an individual con¬ 
siders successful, and that one can lump 
all the many and different management 
jobs into a single occupational category 
are clearly questionable. 

My own longitudinal study of forty- 
four 1960s graduates of M.I.T.’s Sloan 
School of Management suggests that at 
the initial interview, there were already 
important differences in needs, values. 


and talents which ultimately influenced 
career development — even though what 
the participants said they wanted tended 
to be rather homogeneous. A ten-year 
follow-up in 1973 showed how these 
needs, values, and talents combined with 
job experience to form a “career an¬ 
chor” that guides and constrains career 
decisions. In the group, there were some 
who wanted to rise to general manage¬ 
ment whose success was clearly defined by 
hierarchical movement up the corporate 
ladder. But there were others who were 
anchored by a specific technical/func¬ 
tional competence which led them to 
seek senior staff or functional manage¬ 
ment positions. A few participants were 
driven by their own creativity into 
entrepreneurial activity. And roughly a 
quarter of the group seemed anchored by 
“autonomy,” and abandoned large com¬ 
panies in favor of teaching or consulting. 
One can only wonder whether similar dif¬ 
ferences are operating in the Bell System 
group, obscured by the single criterion of 
success as “reaching third-level manage¬ 
ment.” 

What of the assumption that power, 
influence, and responsibility are essen¬ 
tially correlated with managerial rank? In 
a society growing technologically very 
complex, one sees the growth of “staff” 
roles having as much or more responsibil¬ 
ity as management. In the M.l.T. alumni 
sample, we encountered senior technical 
people, senior financial people, planners, 
and other such “staff” who were as power¬ 
ful and making as much money as their 
managerial counterparts. Such roles tend 
to be neglected in company studies, though 
they are becoming critical to the health of 
organizations. 

TTte implications of developmental re¬ 
search for companies are considerable. 
For one thing, it is clearly not enough to 
identify potential, even if that were possi¬ 
ble. (One-third of the prediaed successes 
in the A.T.&T. study never made it into 
middle management.) Yet there is strong 
evidence that a total assessment approach 
does improve upon chance in making ini¬ 
tial predictions. By the same logic, it is 
evidently not enough simply to provide 
challenging work and a climate conducive 
to growth if the employee lacks potential. 

Until we have a better understanding of 
how lives and careers unfold, we will not 
be able to deal constructively with a 
number of practical issues which are 
emerging in ever greater numbers in our 
society — how to “remotivate” the 
plateaued employee, how to help the 
technician move into management or 
some other staff role, how to deal with the 
high-potential person who refuses hierar¬ 
chical or geographical movement, and 
how to deal with dual-career families. 

Edgar H. Schein is Professor of Organiza¬ 
tional Psychology Management at M.l.T. 
and Chairman of the Organization 
Studies Group in the Sloan School. 
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An Institute 
Informant 


The Editors’ digest of recent and 
current concerns at the 
Massachusetts Institute of Technology 


The Methanol Miff 

Did M.I.T. cancel research on methanol 
as an extender for automotive fuel early in 
1975 under pressure from the petroleum 
industry? The charge reached Science 
magazine from an anonymous source last 
fall, and it was promptly denied by the 
Institute. Indeed, methanol research is 
alive and well in the M.I.T. Energy 
Laboratory, says its Director, Professor 
David C. White. 

The methanol study in question began 
as a private venture of Thomas B. Reed of 
M.I.T.’s Lincoln Laboratory, who found 
that adding methanol to the tank im¬ 
proved the performance of his au¬ 
tomobile (see ‘‘Trend of Affairs” for 
MarchlApril, 1974, pp. 61-62). When 
financial support appeared early in 1974, 
Dr. Reed joined the Energy Laboratory to 
work part-time on methanol, and pres¬ 
ently he devised a plan for a fleet test of 
cars fueled with a mixture of gasoline (90 
per cent) and methanol. But Professor 
White cancelled the fleet test plan, and Dr. 
Reed is back at Lincoln Laboratory work¬ 
ing on chemical thermodynamics. 

Dr. Reed’s plans for the fleet test were 
reviewed carefully by a group of M.I.T. 
faculty involved in Energy Laboratory ac¬ 
tivities. It was their judgment, says Profes¬ 
sor White, that the fleet test “as conceived 
could not contribute reliable factual 
data”; he cites as problems the structure 
of the tests proposed and the complexity 
of the automobile in private operation as 
a test instrument. 

Allen L. Hammond of Science was told 
by Dr. Reed that “the use of methanol as a 
motor fuel is no longer a technical ques¬ 
tion but a political one. .. . Industrial op¬ 
position to the fleet test and to the credi¬ 
bility it would have given methanol fuels 
played in my opinion a major role in the 
program’s cancellation.” 

No way, replies Professor White. 
M.I.T. rejects that charge as “utterly 
false” and is in fact continuing research 
on methanol as motor fuel in its Sloan 
Automotive Laboratory — a “bench” 
test, not a fleet test. Professor White em¬ 
phasizes that “methanol is a complex 
issue — an economic one, not a political 
one,” he says. 



Professor David G. Wilson (left) and 
Richard Wiesman (standing), a senior in 
mechanical engineering, review with their 
sponsors the first results of a study on the 
recovery potential of demolition wastes. 


With them are Robert Colonna from the U.S. 
Environmental Protection Agency and 
Charles Johnson (right) of the National 
Science Foundation. 


New Research at M.I.T. 

— Can ultrasonic energy destroy or 
shrink inoperable cancers by heating the 
malignant cells? Padmakar P. Lele, Pro¬ 
fessor of Experimental Medicine in the 
Department of Mechanical Engineering, is 
working on such therapy; he and his as¬ 
sociates have a computer-controlled sys¬ 
tem that moves an ultrasound beam about 
a tumor heating it evenly to within 0.1 “ F., 
and the problem now is to determine the 
proper path for the beam to reach a 
malignant site. 

— Copper, aluminum, steel, wood, lead, 
and glass from condemned buildings 
should now be salvagable for re-use, says 
David G. Wilson, Professor of Mechanical 
Engineering, following an eight-month 
study into potential uses of demolition 
wastes. But there is virtually no salvage 
market for concrete and plastics, and the 
market for bricks is unpredictable. The 
study will continue with a comparison of 


demolition industries in major urban cen¬ 
ters throughout the U.S. 

— Would superconducting motors and 
generators in ship propulsion systems 
allow naval architects significantly greater 
design flexibility? The superconducting 
units would be far smaller than conven¬ 
tional machines, but would they be prac¬ 
tical in the exotic new ship concepts 
(above-surface platforms, underwater 
laboratories, etc.) that the Navy needs? 
These questions are the subjects of re¬ 
search for the Office of Naval Research by 
Philip Thullen, Associate Professor of 
Mechanical Engineering. 

— A new program on delivering high- 
energy radiation to malignancies without 
damaging adjacent normal tissues has 
begun for the National Cancer Institute by 
the Harvard-M.I.T. Program in Health 
Sciences and Technology. Included is 
work on anatomical inhomogeneities. 
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minicomputer display systems, dose 
optimization, field scanning and imaging, 
and elearomechanical components for an 
automated radiotherapy system. 

— M.I.T.’s Sea Grant Program, conduct¬ 
ing research, teaching, and public service 
activities in all aspeas of ocean utiliza¬ 
tion, is assured of at least $1.4 million in 
financial support in 1975-76. An 
$890,600 grant from the National 
Oceanographic and Atmospheric Ad¬ 
ministration will be supplemented by 
matching funds from M.I.T., the Com¬ 
monwealth of Massachusetts, industry, 
and other educational institutions. 


Can Cars Work Harder 
On the Railroads? 

Thirty years ago a box car cost $5,000. 
Now, when it is worn out and obsolete, its 
replacement will cost $25,000. Yet a new 
car will produce hardly more than its 
predecessor — an average of 16 loaded 
trips between origin and destination a 
year. 

Can this problem be turned into an op¬ 
portunity? Perhaps, thinks Joseph M. 
Sussman, Associate Professor of Civil En¬ 
gineering — if it gives railroads more in¬ 
centive to come to grips with the problem 
of increasing freight car utilization. If, for 
example, a box car can be made to move 
24 loads a year, instead of 16, two cars 


will in the future do the work of three. 
Considering the railroads’ monumental 
needs for new capital, this route to greater 
return looks attractive indeed. 

After three years of research with the 
Southern Railway and other railroads (see 
“How to Make a Railroad Run on Time,” 
June, p. 54), Professor Sussman and Carl 
Martland, a research staff member, are 
joining with the Association of American 
Railroads to monitor a national program 
to increase car utilization by improving 
schedules and reducing terminal time. 

Nearly 100 railroad men came to 
M.l.T. early this fall to hear about the 
new program, and their discussions re¬ 
vealed that the problem is in fact full of 
contradictions and subtleties. America’s 
railroad network is labyrinthine indeed. 
Whether a car moves quickly or slowly 
depends less on any railroad’s manage¬ 
ment than on the efficiency of a fraternity 
of yard masters and dispatchers, each an 
independent proprietor of an independent 
unit of considerable complexity in its own 
right. Management deals with production 
units — trains; but the sales unit is the car, 
and what happens to the car depends 
largely on what’s going on in the yards. So 
management has no obvious way of 
finding out what it’s really producing. The 
questions on which M.l.T. will help in¬ 
volve finding new ways of operating 
yards, and new ways of assembling and 
routing trains so yard work is reduced — 
or even eliminated. 


The Rasmussen Report 
Made Final: No Change 

In 12 months since Professor Norman C. 
Rasmussen’s Atomic Energy Commission 
team issued its draft Reactor Safety Study 
report (see OctoberiNovember, 1974, pp. 
14-15), Professor Rasmussen has received 
comments totalling more than the .3,300 
pages on the original WASH-1400 docu¬ 
ment. Many have been useful; the final 
report due to appear late this year will be 
clearer and more understandable than its 
predecessor, the numerical probabilities 
assigned to certain accidents and conse¬ 
quences will be changed, and the effects 
on populations due to long-term low-level 
radiation from nuclear plants will be in¬ 
creased by a factor of about three. 

But “there will be no major change in 
the accident sequences and probabilities” 
in the draft report, writes Professor Ras¬ 
mussen in the Bulletin of the Atomic Sci¬ 
entists (September, 1975, pp. 25-28). 

Professor Rasmussen and his team — 
they invested some 70 man-years of effort 
in the study — tried to identify all possible 
accidents in nuclear reactor operation, to 
estimate the likelihood of their occur¬ 
rence, and to calculate the probable con¬ 
sequences. 

Most criticisms suggested that not all 
possible accident sequences could be imag¬ 
ined and analyzed. True, responds Profes¬ 
sor Rasmussen, who is now Head of the 
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Department of Nuclear Engineering at 
but he is convinced that the most 
likely failure modes have been studied, 
and rare ones (if in fact omitted) “would 
not change the overall system failure 
probabilities significantly.” 

The worst consequence of a nuclear ac¬ 
cident proposed in the draft report had a 
probability per plant per year of one in 
one billion (10"'*); critics have said that 
such numbers are simply too small to be 
credible. But Professor Rasmussen and his 
group will stand by their first analysis; as 
he explains in the Bulletin, the worst 
radioactive release results from an initiat¬ 
ing event (10"®) followed by the worst set 
of failures in systems designed to cope 
with this event (10"®). To be most damag¬ 
ing, those events must all occur under 
worst weather conditions (10"‘) with the 
wind blowing toward the highest popula¬ 
tion density (10"®). The numbers in 
parentheses are the individual prob¬ 
abilities, and added up they come to 10"®. 

The crucial question is whether all these 
events are truly independent, and Profes¬ 
sor Rasmussen thinks that those who 
postulate dependences (between weather 
and protective system failures, for exam¬ 
ple) arc proposing events “so rare that 
they are not likely to change the overall 
probability very much.” 

The largest changes in the final report 
will result from a revised estimate of the 
long-term radiation to the population due 
to the isotope cesium-137 generated in 
nuclear power plant operation. The 
American Physical Society and other 
commentators pointed out an error in the 
draft report; Professor Rasmussen and his 
associates have restudied their results; and 
“the effects related to long-term popula¬ 
tion dose will increase by about a factor of 
three.” That is just about the limit as¬ 
signed as the uncertainty in the long-term 
radiation data of the draft report, and 
Professor Rasmussen’s confidence in the 
safety of nuclear power is unshaken. 


Communicating with 
75% of the Earth 

Two new experimental communication 
satellites designed and built for the Air 
Force by the M.l.T. Lincoln Laboratory 
are due for launch in the Spring. LES-8 
and 9 are different from their predeces¬ 
sors: they can communicate with each 
other as well as with ground stations. 
When they are in orbit, line-of-sight com¬ 
munication between each satellite and the 
ground will be possible in an 8,000- 
square-mile area; but the crosslink feature 
makes possible communications between 
two such areas, representing in all more 
than three-fourths of the surface of the 
earth. 

The satellites are part of Lincoln’s 
Space Communications Program, seeking 
“new capability to meet important mili¬ 
tary communication requirements.” 
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Despite reductions in the Institute's gross 
operating expenses which have totalled 
$8.2 million since 1971, M.l.T. accumulated 
operating deficits of $10.7 million in the two 
years ending on June 30, 1974, and 1975. 
Another $3.3 million deficit is estimated for 
the current year ending on June 30, 1976, 
bringing the total since July, 1973, to $14 
million by the and of the current fiscal year. 

These deficits represent the extent to 
which funds available for current operations 
failed to meet operating expenses. To cover 
them, the Institute has used and will use un¬ 
restricted funds “which, were they not re¬ 
quired for this purpose, could have served 
as interest-bearing assets. 

“The associated foregone income is 
about $700,000 per year." 

The figures and quotatior) are from a re¬ 
port to the faculty by Paul E. Gray, '54, 
Chancellor, on November 19. They pro¬ 
vided a somber introduction to the task of 
preparing budgets for 1976-77, in which the 
Institute is now fully engaged. When he 
spoke to the faculty it seemed to Dr. Gray 
"virtually inevitable that the red ink will con¬ 
tinue" in 1976-77, he said. 

Deficiencies Compounding Exponentially 
The source of M.I.T.'s financial difficulty is in 
the differential rates of growth of revenues and 
expenses. 

The costs of sponsored research and such 
auxiliary operations as housing and dining 
services are fully matched by corresponding 
revenues. 

Four other components of revenue are 
normally available to cover the expenses of 
instruction, unsponsored research, plant op¬ 
eration, and general administration — a total 
of roughly $83 million in 1974-75: 

— Tuition, which has recently been increased 
at the rate of about 7 per cent a year. 

— Indirect cost reimbursement, which is tied 
to — and so keeps pace with — the total of 
indirect costs associated with sponsored re¬ 
search. 


— Investment income, recently increasing at 
only 2 per cent a year. 

— Gifts designated tor current use, with an 
average recent annual growth rate of 5 per 
cent. 

The last two of these four incbme streams 
have recently been rising at rates which are 
clearly less than the rates of increase in prices 
and wages experienced by M.l.T. 

The problem is that these differentials are in 
rates of change; they thus compound each 
year to produce “chronic year-to-year growth 
in the operating deficit without additbns to or 
decreases in our academic and support pro¬ 
grams. ... Balanced budgets tend to grow out 
of balance, and deficits tend to grow at an 
alarming rate when there is no year-to-year 
change in the programs of the Institute,” Dr. 
Gray explained. 

Thus the issue is far more than the rela¬ 
tively trivial one of balancing a single year's 
revenues and expenses. 

A Firm Grip on Salaries and Programs 

Attempting to respond to this compounding 
problem, the Institute has reduced operat¬ 
ing expenses by curtailing services and 
programs in each year since 1970. But per¬ 
sistent inflation, and the necessity to im¬ 
prove salaries and wages to maintain the 
quality of M.l.T. teaching and research 
(about 75 per cent of the Institute's educa¬ 
tional and general expenses represents the 
cost of people. Dr. Gray said), mean that the 
differential Is not yet conquered. Nor will it 
be until investment and gift income can be 
made to grow “at rates which match the rate 
of growth of inflation-driven expenses," said 
Dr. Gray. 

Indeed, he told the faculty, “our present 
estimate of the annual growth of the operat¬ 
ing deficit, assuming no increase in student 
numbers, no growth in investment income, 
and no additions to program, is $2.5 mil¬ 
lion.” 

For 1976-77 budgetmakers. Dr. Gray out¬ 
lined four tough guidelines to control ex- 
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penses emd increase revenues: 

— There must be a "tight rein" on salary 
and wage changes, with increases which 
will surely average less than those of the 
recent past. 

— There must be a net decrease of $2 to 
S3.5 million, a gross reduction of $3 to $6 
million, in education and general expenses: 
for the current year, these will be about $89 
million. 

— Tuition must increase; the precise 
amount remains to be determined, but Dr. 
Gray speculated on 5 to 8 per cent. (Tuition 
for the current year is $3,700.) 

— Between 100 and 200 more students 
(equally divided between undergraduates 
and graduate students) must be enrolled. 

In addition. Dr. Gray said, the Institute 
"will continue to press for increases in in¬ 
vestment income" and for gifts and grants to 
the Leadership Campaign. Increased in¬ 
vestment income is the obvious purpose of 
the Campaign’s goal of $100 million for new 
endowment. But apart from that total. Dr. 
Gray said, he hopes the Leadership Cam¬ 
paign may generate $800,000 "in new funds 
which are expendable in on 

existing (not new) programs.” □ 


.. When Quality 
and Access 
Are Weighed” 

Financial problems are not limited to 
private institutions such as M.l.T. 

Goods and services purchased by 
member institutions of the National 
Association of State Universities and 
Land-Grant Colleges rose in price by 
8.6 per cent in 1974-75, and 23 of 
N.A.S.U.L.G.C.'s member institu¬ 
tions reported state appropriations 
which trailed this unprecedented rate 
of inflation. 

Faculty and/or staff hiring freezes, 
stabilized salaries, and tuition in¬ 
creases were common responses at 
the major state-supported institu¬ 
tions which are members of 
N.A.S.U.L.G.C. Seven universities 
reported faculty eind/or staff layoffs in 
1974-75 and nine said personnel 
cuts would be made in 1975-76. 

"The question of qualify is implicit 
in every aspect of (this) financial 
crisis," wrote lone Phillips of 
N.A.S.U.L.G.C.’s Office of Research 
and Information. Unless additional 
revenue is forthcoming, "the day is 
not far away when most of the 
nation’s public universities must 
come face to face with the hard 
choices that come when quality and 
access must be weighed in the 
balance." □ 


Engineering Seif>Study: 
ReadyforConsoiidation 
and New Programs 

If engineering is a principal vehicle for 
economic growth, what of the profession — 
and the schools which teach it — in an era 
when growth is slowed and technological 
needs and goals sharply changed? 

Under these conditions and under unac¬ 
customed constraints on growth within its 
own environment, can “the number-one en¬ 
gineering institution in the country" maintain 
its leadership? 

Pondering these two questions, the M.l.T. 
School of Engineering a year ago (see 
January, 1975, p. 76) mounted a major in¬ 
ternal review of teaching, research, and 
administrative operations. Now a report of 
this self-appraisal, containing the distillation 
of at least 50 recommendations from 19 fa¬ 
culty study panels, is before the faculty and 
administration, and a lively exploration has 
begun. 

In the final analysis, thinks James D. 
Bruce. Sc.D. ’64, Associate Dean, propos¬ 
als in two areas "stood out head and 
shoulders above all the others" in the view 
of the 19 panel chairmen: 

— Restructure teaching in the School to 
consolidate subjects and "encourage cur¬ 
ricula based on a small number of core 
ptograms." 

— Strengthen and expand the School’s 
work "in the continuing education of experi¬ 
enced professionals." 

Four other recommendations have also 
attracted wide attention and interest: 

— Extend "cooperative education" — pro¬ 
grams which combine academic work with 
on-the-job experience — and develop a 
unified. School-wide program. 

— Develop a "dynamic systems model" of 
M.I.T.'s financial operations which would 
help “forecast the impacts of alternative ac¬ 
tions upon the Institute’s financial position.” 

— Use a "task-oriented" system for plan¬ 
ning and budgeting, to help demonstrate the 
effects of budget increases and decreases 

continued on page 76 

"Science, engineering, sociai science, and 
management have becorhe essential 
partners," writes President Jerome B. 
Wiesner, "In the search for an 
understanding of broad problems that have 
awesome complexities. ... Dealing with 
such issues requires an understanding of 
the basic science that governs their 
components, the technology through which 
basic principles can be directed to form 
human systems, the roles of individuals as 
participants in systems, and their complex 
interrelations in evolving societies." It is 
what President Wiesner calls "a new 
challenge for education and leadership," 

. and a School of Engineering self-appraisal 
focussed most of its attention on those 
issues. (Photos: Ivan Massar from Black 
Star) 
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on specific programs within the School. 

— Continue to encourage early retirement, 
beginning perhaps at age 55, for members 
of the faculty whose experience and interest 
appears to be outside the mainstream of 
their department’s current activities. 

As the dialogue begins. Dean Bruce is 
careful to emphasize that the self-study 
"made no attempt to derive a sense of con¬ 
sensus with regard to its recommenda¬ 
tions," and it is that process which is going 
forward now throughout the faculty and in¬ 
deed throughout the Institute, he says. 

Consolidating Interests 
into Communities 

From an engineering education, says the 
self-appraisal report, students have four 
reasonable expectations: 

— A solid foundation in the engineering sci¬ 
ences. 

— An understanding of the relations be¬ 
tween technology, society, and the natural 
environment. 

— An ability to synthesize and design. 

— An ability to conduct individual and group 
projects and studies. 

While accomplishing these goals, says the 
report, effective curricula should also "de¬ 
velop the student’s imagination and abilities 
to conceptualize and think." 

The key question in the self-study’s most 
important — and controversial — recom¬ 
mendation Is whether these goals can be 
accomplished with equal or greater 
efficiency in less-diverse curricula. The 


panel on Delivery, Cost, and Alternatives of 
Engineering Degree Education, chaired by 
Frank E. Perkins, ’55, now Acting Head of 
the Department of Civil Engineering, 
thought so, citing as prototype the core 
program structure of undergraduate cur¬ 
ricula in the Department of Electrical En¬ 
gineering and Computer Science. 

In his summary of the self-appraisal proj¬ 
ect, Dean Brifbe gives an example in rela¬ 
tion to the teaching of structures: "We have 
individuals actively teaching and performing 
research in structures in three or four de¬ 
partments. For the most part, these indi¬ 
viduals work alone; but they work, neverthe¬ 
less, in the same area on the same types of 
problems. 

"If we had an amalgamation of these indi¬ 
viduals into one cooperating community," 
said Dean Bruce, “it would be without doubt 
the strongest structures community in any 
university in the country." 

Students tell Dean Bruce that there is 
■’tremendous overlap ’ in present under¬ 
graduate engineering curricula, and he 
thinks consolidation would eliminate some 
of this, achieve economies of scale, and 
help reduce costs. But even more impor¬ 
tant he says, "is the pedagogical advan¬ 
tage of emphasizing the common areas of 
engineering, ” and he thinks the broad, in¬ 
terdisciplinary problems in which most en¬ 
gineers are engaged today make such em¬ 
phasis especially important. 

It works in the Department of Electrical 
Engineering and Computer Science, says 


Dean Bruce. Every undergraduate takes a 
common core of four subjects: Introductory 
Network Theory (6.011), Signals and Sys¬ 
tems (6.015), Structure and Interpretation of 
Computer Languages (6.031), and Compu¬ 
tation Structures (6.032). Then the cur¬ 
riculum divides into two paths, one for stu¬ 
dents concentrating in electrical engineer¬ 
ing itself and another for students conceri- 
trating in computer science; there is a 
further split in electrical engineering for stu¬ 
dents with a special interest in bioelectrical 
engineering, and there are other elective 
sequences in both electrical engineering 
and computer science. 

Education as an Infinite Process 

The traditional view that “formal education 
virtually ends after a student's first college 
experiences" is “shattered, ” says the self- 
study report. ’’In no field of engineering is it 
possible to function today without learning 
new material. ” 

The self-appraisal finds M.I.T.’s role in 
continuing education inadequate (“M.I.T. 
does not help the majority of the engineer¬ 
ing community — the experienced profes¬ 
sionals — fulfill their potential"), and it sug¬ 
gests a variety of remedies: 

— Greater opportunities for part-time 
graduate studies, including off-campus 
teaching and on-campus evening courses. 

— A new Master’s-degree program which 
substitutes course work for a thesis (which 
is often impractical for employed en¬ 
gineers). 

— A plan for completing Master’s theses in 
absentia when approved and supervised by 
faculty. 

— Further emphasis on special short 
courses. 

— Experiments on cable television for tak¬ 
ing educational programs off the campus, 
and more extensive use of prepackaged 
audio-visual “courses." 

"Clearly, we at M.I.T. are faced with 
significant oppiortunitles in the continuing 
education area,” says Dean Bruce. □ 


“To Understand and 
Manage a Complex 
Industrial Society” 

The following are excerpts from statements 
about the School of Engineering in connec¬ 
tion with the Leadership Campaign by Pres¬ 
ident Jerome B. Wiesner and Dean Alfred 
H. Kell: 

The traditional work of the engineer is to 
design and develop new structures, proc¬ 
esses, and products whose success .is 
measured by their technical and econorriic 
feasibility as well as by their performance. 
This describes the practice of engineering 
up to the early part of this century. 


A New Engineering Dean in Education 


Ernest G. Cravalho, Associate Professor 
of Mechanical Engineering who is highly 
regarded as a teacher and for research 
on the applications of cryogenics td biol¬ 
ogy and medicine (see his article, "The 
Cryopreservation of Living Cells," 
OctoberINovember, pp. 30-37), is now 
Associate Dean for Educational Pro¬ 
grams in the School of Engineering. 

Dean Alfred H. Keil says his assign¬ 
ment will be in large part to evaluate and 
implement the educational recommen¬ 
dations of the School’s 1974-75 self¬ 
appraisal (see above). 

Dr. Cravalho succeeds Professor 
Frank E. Perkins, who has been Special 
Assistant to the Dean for Educational 
Programs since 1973; Professor Perkins 
is now Acting Head of the Department of 
Civil Engineering (see OctoberINovem¬ 
ber, pp. 100-101). A graduate of the 
University of California (Berkeley), Dr. 
Cravalho came to M.I.T. in 1966 and has 



E. G. Cravalho 


been for several years an active leader 
in academic affairs. He has established 
a reputation as an effective and outgoing 
counselor of students, having served as 
junior faculty resident in MacGregor 
House from 1970 to 1974. 
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The Upward Trend of Engineering Study 


Undergraduate engineering enrollment 
at M.l.T. is increasing, and President 
Jerome B. Wiesner calls it "perhaps the 
most important trend to emerge in recent 
years." 

Some 45 per cent of the Class of 1978 
— this year’s sophomores — who had 
designated a major by the end of Sep¬ 
tember had chosen engineering, and 44 
per cent of all M.l.T. sophomores, 
juniors, and seniors are now in engineer¬ 
ing — up from 36 per cent in 1971-72. 

Recent growth has been primarily in 
the Departments of Electrical Engineer¬ 
ing and Computer Science, Mechanical 
Engineering, and Chemical Engineering, 
according to Alfred H. Kell, Dean of the 
School: and he cites a special interest 
among engineering students for 
"hands-on" operations and "in exploring 


The number of M.l.T. undergraduates 
who choose to major in fields of 
engineering has been — in generai — 
declining since the 1950s. But the 
rtumber is sharply up since 1971-72, 


ways to apply what is learned." 

There is a national trend toward en¬ 
gineering among college students, 
widely attributed to the relatively better 
employment prospects which engineers 
seem to be enjoying. But President 
Wiesner thinks the "resurgence of in¬ 
terest" in engineering is "nrtore pro¬ 
nounced at M.l.T. than elsewhere"; and 
fie attributes it at least In part to “the 
School's rededication to furthering the 
evolution of the engineering profession 
in response to broadened professional 
scope, including the engineering sci¬ 
ences and technologies, the process of 
engineering (i.e., the conception and de¬ 
velopment of reliable and economical 
technical solutions), and the process of 
planning responsible uses of technol¬ 
ogy." — J.M. 


and President Jerome B. Wiesner thinks 
it is "perhaps the most important trend 
to emerge in recent years" in 
undergraduate education at M.l.T. 



In the last half of the 20th century two 
developments have added significant 
breadth to the engineering profession. First, 
the range of problems to which engineer¬ 
ing can be usefully applied has been sig¬ 
nificantly extended by new information; 
for example, engineering has been coupled 
with the life sciences as we have learned 
that the systematic application of technol¬ 
ogy has great potential for improving medi¬ 
cal care and health care delivery. Also, the 
achievements of engineers have resulted in 
complex systems, such as today's networks 
for electric power generation and distribu¬ 
tion, which are themselves the subject of 
engineering study; thus the scope of en¬ 
gineering practice has broadened to include 


the integration of new products and devices 
into the larger technical systems in which 
they must function. 

Second, with the scope of engineering en¬ 
larged and the complexity of our society a 
growing problem, an increasing number of 
engineers must understand the social, 
economic, political, and environmental im¬ 
plications of their products and be prepared 
to evaluate the extent to which they may 
meet the needs of society. Engineers, who 
were formally called upon to contribute 
through design and construction, are in¬ 
creasingly expected to help make decisions 
on what to design and build, as well as how. 
They must foresee the consequences of 
their work, and they must be prepared to 


identify alternatives. 

Thus new dimensions are necessary in 
engineering education. The traditional dis¬ 
ciplinary base of the engineer in the physi¬ 
cal sciences and mathematics must be ex¬ 
panded to include essential elements from 
the social, management, and life sciences. 
These added dimensions are in no sense a 
dilution or weakening of engineering educa¬ 
tion. Rather, they represent a dramatic 
reaffirmation of the basic objectives of en¬ 
gineering within a new set of conditions 
brought about by continuing scientific and 
engineering advances, the rapid growth in 
society's dependence on technology, and 
the resulting increase in complexity and in¬ 
terdependence. 

A New Role for an Old Profession 

Today's engineering education seeks to 
reassess the role of engineering in a tech¬ 
nological society, to involve students in the 
responsible and humane uses of technol¬ 
ogy, and to offer a spectrum of experiences 
that will enable them to find the oppor¬ 
tunities that match their aspirations and in¬ 
terests. 

Today almost half of M.I.T.'s under¬ 
graduates who have chosen their major 
field, and almost half of Its graduate stu¬ 
dents, are enrolled in the eight departments 
of the School of Engineering. 

These students Idarn the traditional, fun¬ 
damental elements of engineering educa¬ 
tion. They acquire a solid foundation in the 
basic and applied sciences and in 
economics on which they can draw during 
their lifetimes as they apply the steadily 
grpwing body of knowledge to engineering 
solutions. In addition, they enjoy new oppor¬ 
tunities to understand the context in which 
they will work as they develop and apply 
their knowledge for truly human purposes 
in a society that is increasingly dependent 
on science and technology. 

To Manage a Complex Industrial Society 

As we enter the last quarter of a century 
whose central feature has been the rapid 
advance of science and its application, our 
greatest challenge Is to understand and 
manage our successes within the frame¬ 
work of a vigorous and constantly evolving 
tree enterprise system. The advances have 
increased our quality of life and our freedom 
of choice, but they have also increased the 
size and complexity of society and thus 
compounded a formidable array of tech¬ 
nological and social problems. This is the 
central dilemma of our times. 

Simply put, our task is to learn to manage 
a complex industrial society, to allocate and 
use our technological and social capabilities 
in a constructive and responsible manner. It 
is a task in which no modem system of gov¬ 
ernance — democratic, communist, or fas¬ 
cist — has thus far been successful. For us 
the difficulty will be greatest, for our need is 
to make more responsive, equitable, and 
subtle the most effective, humane, apd pro¬ 
ductive society that has ever existed. □ 


Technology Review, January, 1976 77 










■ '•HI!'’" 

■m\ 4 / 


James D. Bruce: “The Person to Talk To” 


When the School of Engineering re¬ 
solved to do its self'Vppraisal (see p. 74) 
a year ago, the management of the study 
fell to James D. Bruce, Sc.D. '64, As¬ 
sociate Dean. Now that the job is 
finished, explaining its results is also 
Dean Bruce's task. 

Michael D. McNamee, '76, editor of 
The Tech, found the self-appraisal re¬ 
port a "dull volume," full of "turgid, dry 
prose." So he went to see Dean Bruce, 
with the following editorial tribute as a 
result: 

Even the driest M.l.T. report usually 
has some person behind it who can 
make it come to life, and this one is no 
exception. Associate Dean James 
Bruce, who directed the self-appraisal 
project from its inception a year ago, is 
the person to talk to to put the report into 
context, to make the facts and figures 
take meaning beyond their surface ap¬ 
pearances. 

When Dean Bruce talks about restruc¬ 
turing the School of Engineering, for ex¬ 
ample, he's not talking about bureauc¬ 
racy or how many secretaries are going 
to be assigned here, there, or yonder. 
The issue becomes tasks, jobs, pur¬ 


poses, existences — what would a 
center/department type of structure 
mean to undergraduate education, and 
what difference would it make for 
graduate students? Would this type of 
structure do more for making M.l.T. en¬ 
gineers more socially useful, or would 
decentralizing it more make it a better 
educational structure? The minor prob¬ 
lems fall away, the question becomes 
“What is the point of this School and how 
do we achieve that?” — eind the discus¬ 
sion is mesmerizing. 

Similarly, a discussion of Dean 
Bruce's second favorite topic in the rd"- 
port, expanding M.I.T.’s commitment to 
continuing education, exposes deep- 
seated feelings, long hours of thought, 
disdain for the petty and a feel for 
sweep, grandeur, and importance. How 
can M.l.T. best serve industry, the gov¬ 
ernment, other technological em¬ 
ployers? What sort of programs does the 
Institute need? What sort of structures to 
support those programs? Why do this at 
all? 

Dean Bruce is hardly unique. As I've 
said, there is at least one such profes¬ 
sor, dean, or functionary to almost every 


M.l.T. report, committee, or division, a 
person who can make the most abstruse 
and abstract actions seem, at least, to 
be real. Their view may not be the only 
one on the set of issues with which they 
deal — their view may not even be the 
“right” one, by whatever index you wish 
to place on that — but their grasp, their 
feeling, their dedication is evident and 
sweeping. 

Over the last three years I’ve had oc¬ 
casion to talk to many of these people, to 
grasp a little of the excitement with which 
they approach an issue and delve into it, 
to get a feeling for what a report or paper 
is, far beyond just what it Sctys. In most of 
these cases. I’ve tried to transcribe their 
comments, translate their feelings, put it 
all down into ink on paper — and usually 
failed. There doesn’t seem to be any way 
to communicate the excitement of an 
important point in the dry and dull forms 
that journalism prescribes, and I often 
end up with a newspaper in my hands 
wondering how In the world any reader 
can possibly grasp why the faculty or the 
reporters are up in the air over 
something. □ 
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Alumni as Sources of Engineering Reality 


Two goals of the School of Engineering 
for its undergraduates: 

— They must know the principles of en¬ 
gineering and be able to assess the ef¬ 
fects of engineering developments. 

— They must understand how to apply 

their knowledge to projects and prob¬ 
lems. y 

Classrooms and laboratories are 
sufficient to the first purpose, thinks 
Alfred H. Keil, Dean of the School of En¬ 
gineering; but he hopes M.l.T. alumni 
can have an ever-increasing role in help¬ 
ing students understand the real issues 
they will encounter in doing their jobs in 
the future. 

At least eight possible routes for in¬ 
teraction between alumni and the School 
were outlined by Dean Keil to members 
of the Alumni Advisory Council at its 
November meeting: 

— Cooperative work-study programs, at¬ 
tracting greater interest among under¬ 
graduates, at companies in which alumni 
are employed, can give alumni promi¬ 
nent roles in the educational process. 


— Informal (or perhaps even formal) 
summer work-study programs at such' 
companies will have the advantage of 
providing students with income as well 
as experience. 

— Junior faculty, too, would benefit from 
summer work-study programs to en¬ 
hance their experience. 

— Could alumni help supervise Master's- 
degree theses written at off-campus lo¬ 
cations? (Dean Keil admits the issue of 
off-campus theses, though they are rec¬ 
ommended in the School of Engineer¬ 
ing self-study completed last year (see 
p. 4-5), is a ‘hot potato.") 

— Could alumni be members of thesis 
committees for Ph.D. students? Dean 
Keil speculates that such assignments 
would be “interesting learning exfjeri- 
ences" for alumni and that students, too, 
would benefit "from a different point of 
view” on the committees. 

— Alumni participation in on-campus 
engineering research would present an 
"unusual opportunity" for sharing talents 
and viewpoints “in a learning mode." 


— The faculty's recent approval of. ad¬ 
junct professorships gives the School 
new opportunities to bring practicing en¬ 
gineers to Cambridge and to send stu¬ 
dents to engineering offices off-campus. 

— Lot alumni help with "pre-professional 
counseling" for engineering students. 
“We are so close to the engineering pro¬ 
fession," said Dean Keil, “that we fail to 
give students a broad picture of where 
the profession is going and what oppor¬ 
tunities may be open." 

Professor Ernest G. Cravalho, As¬ 
sociate Dean of the School, agreed; en¬ 
gineering educators, he said, are "lousy 
professional role models; the'things we 
do are simply not representative of pro¬ 
fessional practice." A student graduating 
in mechanical engineering comes to Pro¬ 
fessor Cravalho to ask what a mechani¬ 
cal engineer really does, and Professor 
Cravalho has to admit that the faculty 
cannot really-tell him. □ 
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Shades of Meaning in 
“Arttransition” 


In the broad view, art represents the com¬ 
munal ideals, values, and psychological 
state of a society, and the artist, the focus 
through which these ideas flow, should be 
supported as an integral part of a society's 
quest to understand itself. The commonly 
held, narrow view — that the community is 
the artist's audience, and its duty is to sup¬ 
port the valued personal expression'of the 
individual artist — is obsolete. 

"Ancient Grecian and Roman art became 
the central configuration of the common 
ideals of the community. It's only in the last 
400 years we made a work of art socially 
useless," says James Ackerman, Professor 
of Art History at Harvard University. Art in 
today's society represents a collapse of 
communication. "From kindergarten on, the 
concept of 'creativity' is the cor^ in art — 
'express yourself — make something 
unique,' as if the individual psyche meant 
more than the common goal," he says. We 
overemphasize individuals in isolated roles: 
we must instead seek the value of brother¬ 
hood — and create images out of ideas, so 
that art can be a force in the reestablish¬ 
ment of our fragmented communities. 

Professor Ackerman was one of some 
250 artists, art theorists, and art organizers 
who came to M.l.T. in the fall to examine the 
development and role of the arts in contem¬ 
porary society. "Arttransition," it was called: 
an international conference on art and tech¬ 
nology, sponsored by M.l.T., the National 
Endowment for the Humanities, the M.l.T. 
Center for Advanced Visual Studies, and 
the University Film Study Center. 

“Art as a Social Enterprise” 

We think of education as the giving of skills, 
says Professor Ackerman. But this is a prob¬ 
lem in art because the techniques of the arts 
are so intimately related to what there is to 
say. If the subject is philosophy, one can 
use old words to express new thoughts. But 
if an art teacher teaches collage, he is 
equipping students to say what was said in 
1910. In art, new ideas need to be ex¬ 
pressed by suitable new inventions. Some 
chose the vocabulary of cubism, for in¬ 
stance. 

"Art should be seen as a social, ethical 
and political enterprise," said Dr. Ackerman 
at "Arttransition"; “art education as a way of 
seeking common goals. Think more of 
meaning, of the aspirations of mankind; ask 
questions on behalf of humanity," he said. 

Bridging a Gap in Cognitive Styles 
Dr. Jerome Wiesner, too, wants the arts to 
be a reflection of society. It would be wrong, 
he said, to have complacent art in a search¬ 
ing society. "Most of us like to believe the 
artist is the pierceiver of society's illogic. His 
continued on p. 82 
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Fourteen tanks of helium — each 
containing 22 cubic feet of gas — were 
used to lift an inflated moonlit rainbow of 
polyethylene tubing and dangling neon 
rods, unfurled from a huge wooden spool. 
A shimmering red spectacle, it attracted 
passers-by and amateur photographers 
during Arttransition, M.I.T.'s five-day 
conference on art and technology last fall. 
The 300-fool long arc over Briggs Field was 
designed by Otto Peine, Director of M. I. T. 's 
Center for Advanced Visual Studies, and 
M.l.T. Research Fellow Alilandro Sina. The 
75 neon rods ' glow was achieved by a high 
frequency, high voltage, ultra low power 
system activated by a standard car battery 
and spark plug. Winds ranging from the 
west up to 20 m.p.h. created strobe-like 
patterns along the length of the rainbow 
during its two-hour appearance. (Photo 
above: Calvin Campbell; right: Roger 
Goldstein, ’75) 



* 
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Can art be a force in the reestablishment of 
our fragmented communities? It can, said 
1 James Ackerman, Professor of Art History, 
Harvard University, second from left in the 
panel (above) during Arttransition. Other 
panelists In the photo are: John Nolan, 
President, Massachusetts College of Art, 
Jerome Wiesner, President, M.I.T., Gyorgy 
Kepes, Founder, Center for Advanced 
Visual Studies, Hoy Lamson, Special 
Assistant to the President, M.I.T., and 
Manfred Schneckenburger, Director, 
Kassel Documenta 6. Concerts, art 
exhibitions, and events such as Charlotte 


Moorman's "Concerto for TV Cello and 


Video Tapes" (above) —she played a 


plexiglass cello encasing three TV sets — 
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"The elements at work are probability curve 
and random numbers ... Colors used and 


self-appointed task is to call our attention to 
our mistakes." 

But if the artist is to be our conscience, he 
must bridge the communication gap be¬ 
tween fundamentally different disciplines. 
C. P. Snow used the term "different cogni¬ 
tive styles": and bridging those is precisely 
the point of the arts in an environment such 
asM.l.T. 

"It happens that nature is logical, and you 
can go back and make equations. Accord¬ 
ingly, the scientist has an enormous amount 
of information brought together in his 
semiconscious. But discovery is an Intuitive 
process; what the scientist does with his in- 
fonnation is much akin to other creative 
processes." These creative processes are 
fragile; "the artistic temperament is a little 
flower," said Gyorgy Kepes, founder of the 
Center for Advanced Visual Studies. "We 
must find the right water, the right food to 
make it grow." He defines art as "man's abil¬ 
ity to respond to the quality around him, to 
create a new combination which has validity 
and meaning not only to the artist, but to the 
viewer.” 

Today, says Professor Kepes, we are liv¬ 
ing in an environment of sensory depriva¬ 
tion so severe as to be “criminal” in its ef¬ 
fects. To the artist is the power and duty to 
change this — because his is an extraordi¬ 
nary ability to feel the world with integrity 
and sensitivity. 

We test intelligence but not happiness or 
fullness, and in this Dr. Kepes senses great 
potential for tragedy. The real goal of edu¬ 
cation should be to develop the ability to live 
as intensely as a child can live — to have 
joy. 

Professor Roy Lamson, Special Assistant 
to the President for the Arts at M.I.T., sug¬ 
gests that the artist has grasped these qual¬ 
ities more than most. So, he told "Arltransi- 
tion," he seeks for M.l.T. a special effort "to 
understand the artist — his strange area of 
motivation, his talent." He thinks the artist 
must have a place to develop his skills, a 
place where groups of artists work together. 
And art should not be thought an extracur¬ 
ricular activity. — M.L 


their adjacency are arbitrary," writes the Art Mo. of their structure outside Kresge during 
Research Center Group of Kansas City, Arttransition. (Photo: R. Goldstein, '75) 


Art Is “To Last... It Will Stay Forever...” 


How do artists feel about their work and 
their goals? Listen to six speakers at 
“Arttransition," a five-day series of 
panels, presentations, and audio-visual 
happenings (see left) at M.l.T. this fall: 

— Christo (His current project is a "Run¬ 
ning Fence," 18 feet high and about 24.5 
miles long, made of 165,000 yards of 
heavy white nylon fabric hung from a 
steel cable strung between 2,270 steel 
poles. It is to be installed 43 miles north 
of San Francisco in the fall of 1976.): 
The most exciting and dyneimic part of 
his work is invisible: during preparation 
he becomes embroiled in discussions of 
political, social, and ethical issues, he 
explained. "My projects involve many 
people working together; the most im¬ 
portant thing is that the work exists and 
once was there — it will stay forever in 
our minds." (After four years of prepara¬ 
tion, the running fence will exist for two 
weeks before being removed.) 

— Nancy Holt (environmerttalist, creator 
of large site works) is “not interested in 
doing something ephemeral that exists 
just in a film documenting an event. Her 
art is made to last. She selects a site 
which is just right for a piece she wants 
to build — and buys the land. "I want to 
go to the far reaches and do work that 
will restate the environment." 

— Karin Bacon (celebrationist): Though 
her festivals are very ephemeral, they 
have a kind of durability because they 
can reoccur. Like a ritual, there is 
strength in repetition, she explained. Her 
concept is to "animate the total space"; 
images made by many different people 
together form a totality; harmony hap¬ 


pens among people and between people 
and outdoor spaces. 

— Otto Piene (Director of the Center for 
Advanced Visual Studies at M.l.T.): An 
educator should try to generate interest 
in working with the environment instead 
of in limited space; more artists should 
work more on a “physical scale." His 
pieces are large, but their size is rele¬ 
vant. Referring to his balloon at the Pru¬ 
dential Center (see OctoberINovember, 
1975, p. 91), he said, “I go across the 
river and it already looks very small — 
from there I can see a huge mass of the 
city which drowns it out. And if I go up in 
the air, I can see no art." 

— Rockne Krebs (environmentalist who 
works with laser beams of light); Art 
transcends the apparatus: the goal is the 
orchestration of art with the landscape, 
the weather, the trees — anything which 
comes within the visual field of the view¬ 
er. 

—Allan Kaprow (painter, scuipjor, as- 
semblagist, electronic composer): The 
education of young children is all visually 
oriented — painting, model-making, 
clay. But suddenly all this emphasis on 
conceptual tools is cut off, and children 
are pushed into textbooks and rote. How 
to counterbalance this mistake? “Get 
into Madison Avenue — the most power¬ 
ful educational force is the mass media. 
That is where impressions are indelibly 
fonned." Advertising uses enormously 
sophisticated tools to sell. By contrast, 
the artist is still in a cottage industry 
laboring so that a few kindred spirits can 
rejoice. "We are not more effective be¬ 
cause we use old tools.” — M.L 
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“Magnet” School Plan for East Boston; a Computer for Your Income Tax? 


Judge W. Arthur Garrity's order seemed as 
simple as it was logical: let Boston's many 
excellent colleges and universities go to 
work with the Boston School Department to 
create "magnet" schools which would rise 
atx>ve the confusion and ill-will of Boston’s 
year-long struggle over desegregating its 
public schools. These "magnets," whose 
excellence would assure good training and 
attract city-wide attendance, would help as- 
complish def^egregation voluntarily — in¬ 
stead of by force. 

Judge Garrity, who presides over the U.S. 
District Court in Boston, directed the Bos¬ 
ton School Department to work with M.l.T. 
to make East Boston High School and the 
nearby Barnes Middle School into city-wide 
“magnet” technical schools by September, 
1976 (see JulylAugust, p. 88). Wentworth 
Institute (a two-year post-high-school tech¬ 
nical institute) and the Massachusetts Pori 
Authority (which operates Logan Interna¬ 
tional Airport in East Boston) were to be as¬ 
sociated in the project. 

But the simplicity was an mission. There is 
nothing simple about entering a close-knit 
uneasy community as an externally-im¬ 
posed expert, and high-school-level tech¬ 
nical education is not a simple subject, 
either. 

M.I.T.’s planning began late in the spring, 
almost Immediately after Judge Garrity is¬ 
sued his order. By fall. Institute officials and 
faculty had held countless meetings with 
East Boston High School officials, teachers. 


and students; had begun to analyze high- 
school-level technical curricula; proposed 
a $331,000 "transitional planning" grant for 
M.I.T., Wentworth, and the East Boston 
schools; and had plans to scan high- 
school-level technical education throughout 
the country for proven, existing programs 
which could be imported as building blocks 
for new "magnet" activities. 

It is a two-track strategy, simultaneously 
seeking the basis for a wholly new cur¬ 
riculum (a five- to ten-year "absolutely im¬ 
mense” job) and planning innovations 
which can produce in the short term a pro¬ 
gram that is "responsible and serious" for 
as many as 1,000 students who may apply 
by September, 1976. 

Already important steps have been takep: 

— Stanley Russell, a science teacher 
who was formerly Superintendent of 
Schools in Sharon, Mass., has joined the 
M.l.T. staff as Director of the Secondary 
Technical Education Project (see below). 

— Eight students from East Boston High 
School joined the M.l.T.-Wellesley Upward 
Bound Program for six weeks this summer. 
They lived with one of their teachers at 
Wellesley and studied with M.l.T. and 
Wellesley students as tutors on the M.l.T. 
campus. 

— Two East Boston High School teachers 
attended a week-long course in digital elec¬ 
tronics at the Lowell Institute School in 
June. 

— M.l.T. students, who have for many y^ars 


- 1 - 

Stanley Russell Runs the “Magnet” Project 


M.I.T.’s "high-risk venture” — helping to 
create a city-wide "magnet” technical 
school at East Boston High School within 
a year (see right) — will be the responsi¬ 
bility of Stanley Russell, named late in 
the fall to be Director of the Secondary 
Technical Education Project (STEP). 

Dr. Russell was chosen after a 
nationwide search by M.l.T. and its proj¬ 
ect partner, Wentworth Institute. He Was 
for five years a science teacher at Shady 
Hill School, Cambridge; for three years a 
science and mathematics teacher and 
three years guidance counselor at 
Weeks Junior High School, Newton; for 
seven years Assistant to the Superin¬ 
tendent of the Newton Public Schools 
(when he was also a consultant to the 
Ford Foundation and an Associate at the 
Harvard Graduate School of Education); 
and for six years Superintendent of 
Schools in Sharon, Mass. 


Dr. Russell’s will be no simple task. 
Nina McCain of the Boston Globe calls 
tl|e M.l.T.-Wentworth-East Boston col¬ 
laboration "one of the most ambitious 
and most expensive" of the partnerships 
between colleges and schools ordered 
by U.S. District Judge W. Arthur Garrity, 
Jr., last spring. "A mind-boggling task," 
she says. 

Walter L. Milne, Special Assistant to 
the President of M.l.T. for Urban Rela¬ 
tions, agrees, but he is cautiously con¬ 
fident: "If we didn’t feel we could do a 
serious piece of work, we wouldn’t have 
attempted it," he told Ms. McCain. In¬ 
deed, he said at an M.l.T. meeting during 
the fall, “we have an opportunity to put in 
place a new model of a public technical 
high school... a prime example of what 
secondary technical education could be 
for the 1980s.’' And he hopes that the 
whole community will find that — as he 


conducted Saturday classes for Greater 
Boston high school students, will make 
special efforts to serve East Boston. 

Walter L. Milne, Special Assistant to the 
President for Urban Relations, thinks Judge 
Garrity’s an especially difficult challenge. 
Success depends on finding solutions to 
three major problems: 

— M.I.T.’s own modest capacity, in terms of 
both people and money, to help. The "mag¬ 
net" school concept seems to contain "an 
inexhaustible vacuum for money, ” says 
Barbara S. Nelson, Assistant to the Presi¬ 
dent and Chancellor. M.l.T. cannot make 
substantial financial contributions, she 
says, and other funding is unpredictable. 

— The capacity of the Boston school sys¬ 
tem to carry on, manage, and finance a 
sophisticated "magnet” program in techni¬ 
cal education even if one can be devised. 

— The capacity of the local market (Greater 
Boston) to provide good job opportunities 
for graduates of such a program. 

Professor Philip Morrison, who was a 
lively participant in a recent discussion of 
the "magnet" school concept, adds a 
fourth problem: How to gain the interest and 
confidence of the community, many of 
whose children will be displaced into other 
Boston schools by the “magnet” school in 
East Boston? His answer: Appeal to their 
curiosity; put a computer terminal attached 
to an M.l.T. computer in a storefront, and let 
people come in and get acquainted. Maybe 
even use it to figure their income taxes. □ 


does — "an engaging, appealing vi¬ 
sion." 

Speaking to the faculty in the fall. 
President Jerome B. Wiesner called 
M.I.T.’s assignment "a task on which we 
have some competence but little experi¬ 
ence.” But Dr. Wiesner thinks it is "an 
issue very close to the basic intellectual 
concerns of the Institute ... an oppxjr- 
tunity with considerable learning poten¬ 
tial for faculty and students"; and so he 
hopes that Dr. Russell and STEP can 
capture the interest of significant num¬ 
bers of both students and faculty. 

Dr. Russell studied biology at Brook¬ 
lyn College (A.B. 1947) and science 
teaching at Teachers College of Colum¬ 
bia University (M.A. 1948). His doctorate 
in educational administration is from 
Harvard (Ed.D. 1969). 
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Teams Capture Titles 

Four M.l.T. varsity teams — two women's, 
two men’s — captured sports headlines dur¬ 
ing the fall season. It was one of the best 
varsity seasons in recent history. 

The women’s volleyball team, competing 
as a varsity sport for the first time, is Divi¬ 
sion II Massachusetts State Champion. On 
the way to the top in championships played 
at Boston University, the women won the 
Metropolitan Women’s Intercollegiate Ath¬ 
letic Council volleyball title and took gqmes 
from Southeastern Massachusetts, Rhode 
Island, Northeastern, Regis, and Boston 
State; there were 15 wins in the 16-game 
regular season, dimmed only when a cov¬ 
eted bid to the Eastern volleyball cham¬ 
pionships failed to materialize. 

As the season opened David A. Dobos, 
’78, predicted that it could be "the most 
successful in history” for M.l.T. cross¬ 
country. He was right. Dave’s team col¬ 
league, Frank Richardson, '78, finished fifth 
in the Division III national championships in 
November, and M.l.T. was 18th in the com¬ 
petition. A good end to a season that in¬ 
cluded an 8-4 record in dual meets and sixth 
place in the Eastern championships. 
Richardson’s best time over the five-mile 
Franklin Park course was 24:30, a new 
course record, against Boston College and 
Lowell; his time in the nationals was 24:45. 

As the fall sailing season unfolded, the 
men's team brought home third place in the 
Fowle Trophy, second in the Franklin J. 
Lane trophy, first in the Jack Wood Trophy, 
first in the Oberg Trophy, second in the 
Schell Trophy for the New England fall 
championship, and fourth in the Fiske- 
Harriman-Sleigh Trophy for the Atlantic 
Coast championship. The Tech said the 
team would probably be ranked 12th in the 
nation. 

The women’s record in sailing included 
sixth in the Wick Invitational, second in the 
President’s Trophy, first in the Man Lab 
Trophy, second in the Yale Intersectional 
420 Regatta, and third in the Victorian Cof¬ 
fee Urn Regatta (vs. ten New England 
schools and won by Radcliffe and Smith). 
M.l.T. women took five of the fop ten places 
in the New England Single-Handed Cham¬ 
pionships, in which Allana Connors, '78, 
was second. 

Everybody rows in the "Head of the 
Charles” Regatta: this fall 2,870 com¬ 
petitors from 134 colleges, schools, and 
clubs were in 683 boats, according to the 
Boston Globe's count. There were 22 en¬ 
tries from M.l.T., and when it was all over 
the Engineers were third overall in team 
rankings. The best finish by an M.l.T. entry 
was fifth — the varsity lightweights. Profes¬ 
sor Gail Pierson (economics) was fifth in the 
women’s singles, Professor Hartley Rogers, 
Jr., (Associate Provost) was eighth in the 
veteran singles, the women’s fours finished 
ninth, and the elite fours finished eighth. □ 



Highlights of the fall sports seSson, as 
captured by The Tech's photographers: a 
momentary soccer duel between Steven 
Bemays (dark shirt) and his Boston College 
opponent^M.I.T. won, 1-0) ... Gregory C. 
Courts, '77 (second from left), scrambling 
for the ball during a 7-6 rugby victory over 
Boston College ... Frank Richardson, 77, 
running to fifth place in the N.C.A.A. 
Division III Cross-Country Championships 
... and Lisa Jablonski, '77 (number 10), in 
the finals of the Division II Massachusetts 
Volleyball Championships. (Photos: David 
A. Schaller, '77, Richard F. Reihl, '77, and 
John A. Hopper, '76, from The Tecf\) 
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Participation Radio: “The Ghetto” on WTBS 


"The Ghetto" — five and one-half years old 
this fall is the unlikely jewel in the crown of 
WTBS, the student-operated F.M. station at 
M.l.T. It's soul music, participation radio, is 
a link among members of a community 
whose links are few and cherished. But it’s 
nothing that fits most preconceptions of 
what might happen when M.l.T. goes on the 
air. 

From midnight to 3 a.m. every morning 
the listener is like one of the family, able to 
participate and aware of who else is listen¬ 
ing. "We try not to make ourselves so far 
removed from our listeners that we assume 
we know what they want to hear," explained 
James Clark, '76, former prograip director 
and general manager of WTBS, involved in 
"The (ahetto " since its beginning. 

He recalls how the^idea started: "Some 
members of the Black Student Union felt it 
was a gobd idea to have a program of eve¬ 
ning soul music on WTBS since the only 
other major source of soul music, WILD, 
signed off at sunset. None of them had ever 
seen the inside of a radio station, but they 
started learning." (Before aijyone operates 
anything at WTBS, he must be trained to 
pass a WTBS engineering test.) “The 
training classes are now being taught by 
some of the same people that showed up 
with me over five years ago," he added. 

"The Ghetto" started to catch on when 
disc jockeys began putting telephone call¬ 
ers on the air live. Most other stations at the 
time prerecorded such calls. "We asked 
people to 'check in' if they were listening, 
and they could mention their names over 
the air. We got thousands of calls — non¬ 
stop." 


Mr. Clark described other gimmicks; “We 
would answer requests to dedicate a record 
to someone who was listening. On ‘Instant 
Request,' the disc jockey would try to have 
a record on the air within 15 seconds of a 
live request. One night we were averaging 
below five seconds," he said with relish. 
“Project Concern” was prompted by the 
news of tyvo black students killed at South¬ 
ern University in Louisiana. Someone called 
in to suggest that if people were concerned, 
they could pledge money through "The 
Ghetto.” "We immediately prut "The Ghetto" 
on the air for a week in the daytime,” ex¬ 
plained Mr. Clark, "'and received pledges of 
$4,000 for Southern University.” 

The staff became involved in off-the-air 
projects, too. For “Party of the Year" they 
rented telephone audio lines and trans¬ 
mitted music to five locations simultane¬ 
ously. The price of admission was canned 
goods, which were donated to the Kwanza 
Prison Program. And one of the few con¬ 
certs held at M.l.T. that didn't lose money 
was organized by “The Ghetto ” staff. 

As the program's popularity increased (it 
reaches the metropolitan Boston communi¬ 
ty out to about Route 128) commercial and 
non-commercial stations started competing 
with soul music programs at similar times — 
some in stereo with thousands of times 
more power. One such station is at 88.9 
F.M. “Unless a listener always leaves his 
radio dial on 88.1," said Mr. Clark, "he will 
encounter WERS first. That puts WTBS in a 
rotten position — yet folks do find their way 
past and come on down.” (WTBS has an 
application to the F.C.C. for higher power 
which will allow them to “more effectively 


While not presiding over "The Ghetto" (see 
below), James E.-Clark, ’76, finds time to 
be Co-Chairman of the M.l.T. Black Student 
Union. In the picture, he and John W. 
Arnett, III, '76, (right), Co-Chairman, offer 
Albert G. Hill a plaque of appreciation: Dr. 
Hill, who retired last June as Vice President 
for Research, is the sponsor of a prize for 
the black student "who shows the most 
progress in the sophomore year." 



serve the community.”) 


Mr. Clark feels that “WTBS is one of the 
greatest public relations sources M.l.T. has, 
for white audiences as well as black." He 
says the equipment needs to be updated; 
M.l.T. does not allot as much money as he 
thinks necessary: and he would like to see 
alumni contribute directly to WTBS. “But 
even if funds don't come,” Mr. Clark ex¬ 
plained, “our aim is innovative radio pro¬ 
gramming for our community of listeners.” 

How does one become involved in 
WTBS? Participants are not exclusively 
M.l.T. students, "ffeople essentially seek 
out WTBS, not vice versa,” explained Dave 
Gifford, '76, WTBS General Manager. “To a 
new person, access to the inside may look 
like a brick wall; you get the run-around. If 
you're shuffled around for 15 minutes in a 
real office you may get frustrated; at WTBS 
it might be three weeks before the pterson 
you need to talk to appears.” The reason; 
“no one is getting paid." But the work gets 
done — the busy schedule of programs is 
diverse, even though, many of the hours on 
the air take two to three hours of production 
effort. — M. L. 
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Orienteering: give contestants (singles, 
couples, families) a map of a piece of New 
England terrain r- woods, swamps, 
moraines, and kettle holes — on which are 
marked a starting point (S), way stations (A, 
B, C, D,...), and a final destination (X). 
Turn them loose at S with instructions to 
reach X via A, B, C, D, ... as quickly as 
possible. As practiced by the M.l. T. Outing 
Club, "it’s a combination of cross-country 
running and accurate reading of a map and 
compass," says Robert W. Milne, '77, 
Outing Club President. "A prerequisite is 
that you are sensitive to your environment." 
(Photos: Owen D. Franken, ‘68, for 
Technology Review^ 
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M.l.T. student Elected 
to Cambridge 
City Councii 



Councillor David E. Ciem 


"After I was accepted at M.l.T., my wife 
and I came to Cambridge to find an apart¬ 
ment. We couldn’t believe the high rents 
and began to think of buying a house. We 
found one on Western Ave. that we could 
afford. It was a wreck — a six room house 
with 26 peopie iiving in it as a commune. 
The group was paying $400lmonth whiie 
the house next door, rented to a family, only 
opst $150lmonth. We discovered one 
reason for the tight housing market. 

"We bought the house and moved in all 
our belongings, but we had to ieave town 
for a few days. I asked the Cambridge 
Police Dept., located 300 yards up the 
street, to look after the hquse while we were 
away. Ten days later we (eturned on the 
weekend only to find five squatters living in 
our house. That was our first lessoq^ with the 
Cambridge police. 

"And then, at 4:00 a.m. on Monday morn¬ 
ing, we discovered that Western Ave. was a 
truck route, 1800 heavy tractor trailer trucks 
every day." 

It was then that David Clem. M.l.T. 
graduate student in urban studies and plan¬ 
ning, became Involved In politics. He formed 
H.A.L.T. (Humans Against Loud Trucks) 
which succeeded in having trucks rerouted 
off residential streets at night. His field work 
as part of courses in city planning gave him 
broader exposure to the Cambridge political 
scene. Now he has waged a successful 
political campaign and — to most obser¬ 
vers' surprise — is a member of the Cam¬ 
bridge City Council. (Not since 1961 has a 
newcomer beat an incumbent and Clem is 
the youngest Councillor in the history of the 
city.) 


His views on some issues involving 
M.l.T.: 

Although their non-profit status exempts 
them from normal real estate taxes, Mr. 
Clem feels that M.l.T. and Harvard contri¬ 
bute an inadequate sum in lieu of property 
taxes, considering the value of their prop¬ 
erty. Indeed, half of all the land area in 
Cambridge is tax-exempt, and Mr. Clem 
finds this is a serious problem for a com¬ 
munity that must generate a large percen¬ 
tage of its revenue by property tax. While 
M.l.T. and Harvard only occupy eight per 
cent of the land, they control 26 per cent of 
the value. 

"I think it's a more serious waste that In¬ 
stitute expertise is not shared more with the 
community, ” thinks Mr. Clem. There is in¬ 
tense resentment of the universities in a 
large segmerit of Cambridge, especially 
working families in the eastern half of the 
city. They see M.l.T. and Harvard as big 
business, big power — an octopus acquiring 
real estate, pushing up land value, and driv¬ 
ing out residents who don’t have entry into 
the system. ("But I can see the other side," 
he said, "paranoia on the part of the Insti¬ 
tute about being involved. Every time the 
Institute gets involved it gets burned.”) 

Mr. Clem also feels there is a lack of 
significant commitment on M.I.T.'s part to 
the larger community. "M.l.T. draws a line 
between itself and the community; the Insti¬ 
tute sees itself not as a subset of the whole, 
but as a mini-universe, operating on its 
own." But he can see a reason: "Cambridge 
is so voiatiie politically. We Invest lots of re¬ 
sources one year, then a new regime takes 
over and it's ail swept away." A closer rela¬ 
tionship between M.l.T. and Cambridge is 
high on his list of priorities as a freshman 
City Councillor. 

Mr. Clem feels that the redevelopment of 
the Kendall Square area (where con¬ 
troversy centers on how publicly-owned 
land will be developed) should be controlled 
by the public sector for the general public 
good. He thinks M.l.T. has unfairly tried to 
utilize the public subsidy available to rede¬ 
velopment to force a plan that will make 
Kendall Square complement their East 
Campus. The best possible solution for 
M.l.T. is not necessarily the best for the city 
at large. He wants a reasonable com¬ 
promise, and he thinks that’s possible. He 
suggests that a non-profit group could be 
formed — separate from M.l.T. — with di¬ 
rectors from M.l.T,, the city, and (he neigh¬ 
borhoods that would operate under a con¬ 
stitution, with veto power over university 
plans for expansion, and a. staff to Imple¬ 
ment the goals agreed to. 

Only a few of the thousands of students in 
Cambridge are registered to vote. They 
simply don't get involved because they don't 
think of Cambridge as home. But this is an 
easy excuse, says Mr. Clem. A student 
spending four years here is not a transient 

— the average person in the U.S. moves 
every five years. It was a fight to gain the 
right for students to vote, he says, and now 
they are not living up to that responsibility. 

— M.L 
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Must Public Good vs. 
Corporate Good 
Pit the Manager Against 
his Conscience? 

If your firm can make money for its stock¬ 
holders by machining parts for "Saturday- 
night specials" but you are convinced that 
social good would be best served by the ex¬ 
tirpation of hand guns, what as a manager 
should be your decision? 

That's a simple — indeed, elementary — 
example of a broad class of new problems 
which are now a primary lexicon of man¬ 
agement — an Issue which Louis L. Banks 
calls "productionism" and which he thinks 
will soon enough take the place of "con¬ 
sumerism" in the U.S. 

"The Management of Change" (the topic 
for the triennial seminar/reunion of Master's 
graduates of the Sloan School of Manage¬ 
ment this fall) is usually teiken to mean the 
tough question of how to keep a company 
abreast of new technology. Not in the last 
quarter of the 20th century. The crucial 
changes to which corporate management 
must now respond are social, cultural, and 
economic — hardly technological at all... 
environmental integrity, affirmative action, 
women's rights, consumer welfare, the 
health and safety of workers, urban prob¬ 
lems, ethics and aesthetics, unemployment 
and poverty. 

And when company executives finally 
begin to work on these problems, they will 
begin by patching up with sins of at least a 
quarter-century of neglect. Mr. Banks, a di¬ 
rector of Time, Inc., who is Visiting Ford 
Foundation Professor at Harvard Business 
School this year, told more than 300 Course 
XV alumni: society today is increasingly im¬ 
posing its ethics and values on modern cor¬ 
porations. The result is a new set of ques¬ 
tions and challenges for managers, of which 
these are but the tip of the iceberg: 

— Can we predict the effects of decisions 
on social and ethical issues, as we have 
heretofore sought to predict the effects of 
more conventional management decisions, 
before we impose them? 


— Can the nation help management in the 
search for "a true business ethic"? ("It isn't 
enough to just keep kicking us in the pants," 
said Mr. Banks, in the context of remarks 
about the business press.) 

— Can research and development change 
its criteria so that new products are 
evaluated on the basis of their potential 
positive social value as well as financial 
values for the company? 

— What can be done to assure the 
achievement of "large breakthrough proj¬ 
ects" which promise "conceptual solutions 
to social problems " but little profit for corpo¬ 
rate sponsors? A collaboration between 
business, government, and academe? 

Roadblocks to “Productionism” 

The problem, thinks William J. McCune, Jr., 
'37, President and Chief Operating Officer 
of Polaroid Corp., is this: technological 
change has direct effects on the firm and its 
products. An effective manager has within 
his own resources the strategies needed to 
move his company from new science to new 
products. 

Now it's different. To any one manager 
^cial goals appear indistinct and even ab¬ 
stract, their achievement far beyond a 
single authority. Another problem, too: "The 
less direct the impact of a solution on a 
company, the less motivation to the 
company's management to achieve a solu¬ 
tion," said Mr. McCune. 

Even something as simple as an account¬ 
ing convention can be a roadblock on the 
way to social reform. The example cited by 
Clay T. Whitehead, '60, Fellow in the M.l.T. 
Center for International Studies who was 
formerly Director of the U.S. Office of Tele¬ 
communications Policy: it's normal to con¬ 
sider research and development as invest¬ 
ment in technology, but new employee 
benefits are always considered costs, never 
investments. 

A different reasoning to the same.conclu¬ 
sion from John S. Reed, '61, Executive Vice 
President of the First National City Bank: 
managers find social change more difficult 
to deal with than technological change be¬ 
cause it occurs more slowly, because it af¬ 
fects personal values and lives, involving us 
in issues "with which we are not neutral and 
problems with which we're not comforta¬ 


ble." Can management innovate in the so¬ 
cial arena? Mr. Reed thinks not: his advice 
is to expect only that managers be respon¬ 
sive to social change, not that they should 
power it. 

If not from management, whence the 
power for social change? From government, 
said Mr. Whitehead — but with caution. We 
are correct to expect government to "im¬ 
pose systemic change" when needed to 
modify or speed the evolutionary changes 
which are normal in any society. But gov¬ 
ernment is now going too far, entering areas 
of "active management control" — energy 
conservation, employment opportunities, 
job safety ‘.. "an excessive drift of power to 
government from the private sector." And 
because government does not have the re¬ 
sponsibility of ownership, thinks Mr. 
Whitehead, this change is ieading "toward a 
situation which is neither stable nor man¬ 
ageable," a trend toward having "the entire 
private sector managed through the public 
sector." 

Distributing Costs and 
Responsibilities 

From afternoon discussion panels came a 
series of questions and observations; 

— Social goals may lead an organization to 
problems with pluralism — too many indi¬ 
vidual options fitting employees to their 
special needs, for example. How many such 
pluralistic responses to changing values 
can a corporation' tolerate without failure 
from disorganization, even chaos, and high 
costs? 

— What of the manager who finds himself 
faced with a fundamental conflict between 
the public good and the long-term continued 
profitability of his firm? Let him look again, 
said Arnold E. Amstutz, '58, Senior Lecturer 
in the Sloan School; he will almost surely be 
able to devise a plan which at once impacts 
favorably on his firm's long-term profitability 
and on the public good. 

— Too many managers have "tunnel vis¬ 
ion” — an inadequate understanding of how 
to get things done, said Richard S. Morse, 
'33, President of the M.l.T. Development 
Foundation, Inc. The first stage should be to 
bring teachers of management to the full 
understanding of the issues wrapped up in 
“productionism" that they already have of 
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traditional issues in profitable management. 
— If we increase the complexity of the goals 
which a manager must fulfill, we accordingly 
enlarge his responsibilities and increase his 
corproration’s risk. Problem: how are the 
special risks involved in corporate re¬ 
sponses to societal issues to be distributed, 
and who is to meet the inevitable costs? 
This is especially a problem because we 
know so little about the consequences to 
the corporation of whatever responses it 
can make to social concerns. 

Management: the Same in Every Field 

Pondering the implications of all this, an 
alumnus asked William F. Pounds. Dean of 
the Sloan School: if the setting and prob¬ 
lems of management are so different now 
from when I studied at the School, what are 
you doing to prepare today's students for all 
these new dimensions of their jobs? What 
have you left out of the curriculum, to make 
room for all this new material? 

Nothing, said Dean Pounds: it’s not quite 
like that. 


When you went to school. Dean Pounds 
told his questioner, you studied a curriculum 
that was generalized to be useful for 
managers in many different modes and sec¬ 
tors. It was then — and it is now — a ques¬ 
tion not of giving students answers to every 
foreseeable question but a framework for 
their knowledge — the ability to work con¬ 
structively by learning, when the time 
comes, the details of all the problems which 
might later confront them. 

For example, said Dean Pounds, the 
School now enrolls students interested in 
working in both private and public sectors, 
and the School's curricula are just as useful 
for those who want to manage health care, 
urban government, even management itself 
for those who plan traditional careers in the 
private sector. "Health people do not want 
to be different," said Dean Pounds, and the 
Sloan School agrees. "Our growing role in 
public sector management problems has 
changed our perspective but not our cover¬ 
age," he said. — J.M. 


Alfred P. Sloan, Jr.: A Humanistic Manager 
in a Simpler Day 


In 34 years as the leader and builder of 
General Motors Corp., the late Alfred P. 
Sloan, Jr., '95, maintained a speciai in¬ 
terest in the philosophy and professional 
responsibility of management. Was it lit¬ 
erally true in that era that "what's good 
for General Motors is good for 
America"? Perhaps; and if so, that was 
because of the course which Mr. Sloan 
set for that corporation. 

Out of this background came naturally 
Mr. Sloan’s interest in the course in bus¬ 
iness and engineering administration at 
his alma mater; he was convinced that 
science should become more a part of 
management, management more of a 
science. Hence his support — at least 
$20 million — which transformed that 
course into M.I.T.’s fifth school; the 
Alfred P. Sloan School of Management. 

And when he finally retired from an ac¬ 
tive career with General Motors in 1956, 
Mr. Sloan made clear In his autobiog¬ 
raphy that he saw no dichotomy between 
his past and his plans for his future. He 
wanted simply to continue to devote his 
productivity "to the general good of so¬ 
ciety" through the Sloan Foundation and 
through his own personal benefactions. 

James R. Killian, Jr., '26, who was 
Vice President, President, and finally 
Chairman of the Corporation during the 
years of Mr.' Sloan's greatest interest 
and benefactions to the Institute, re¬ 


called this early example of "produc- 
tionism” for alumni of the Sloan School 
of Management last fall during their 
triennial convocation: it was in the year 
of Mr. Sloan’s tOOth birthday. 

In all, Mr. Sloan's beliefs in "technol¬ 
ogy, quality, and management” led him 
to make gifts totaling just under $57 mil¬ 
lion to M.l.T. "There is no comparable 
record of a single benefactor to a single 
institution in the U.S.," thinks Dr. Killian. 

Dr. Killian credits the traditional con¬ 
cern for public issues at General Motors 
by Mr. Sloan with a part in the establish¬ 
ment by G.M.'s Board of Directors in the 
late 1960s of its Committee on Public 
Policy, of which Dr. Kiilian was for some 
years Chairman. The Committee's 
agenda, said Dr. Killian, included at least 
a score of issues reflecting the role of the 
corporation in responding to social prob¬ 
lems; minority rights; consumer in¬ 
terests; corporate policy in relation to 
prices, profits, and ethics; respon¬ 
sibilities in ecology; activities in research 
and engineering. 

The Committee’s deliberations, 
recalled Dr. Killian, "represented impor¬ 
tant, thoughtful criticism of corporate pol¬ 
icy. ... A unique, first-time committee,” 
Dr. Killian called it, "one of the most 
stimulating experiences I have had in 
serving the corporate community of the 
U.S.” □ 
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•Nostalgia and education were the twin 
appeals which brought some 300 aiumni of 
the Sloan School of Management back to 
Cambridge this fall for lectures, 
discussions, and seminars; and perhaps 
the hardest problem of the two-day 
convocation was to aeiect from the scores 
of available opportunities (left). Pictures on 
the opposite page show (top to bottom) 
James R. Killian, Jr., '26, speaking at the 
convocation banquet... Arnold E. 
Amstutz, '58, as a discussion ieader ... 
Co-chairmen Professor Charies A. Myers 
(left) and Randali S. Robinson, '55. 
(Photos: Bradford Herzog) 
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'50. Rodney P. Plourde '68 
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People 


Arts Council Honors 
Ferr6, White, Liepmann 

A big day for the Council for the Arts at 
M.l.T. at its annual meeting on October 24: 

— Luis A. Ferr6, '24, was named Chairman 
of the Council, succeeding Its charter 
Chairman, Paul Tishman, '24. 

— Minor White, Professor of Photography, 
Emeritus, who is now Senior Lecturer in the 
Department of Architecture, was named first 
Fellow of the Council. 

— Klaus Liepmann, Professor of Music, 
Emeritus, received the second annual 
Eugene McDermott Award as "the'father of 
music at M.l.T." 

Mr. Tishman has been Chairman of the 
Council since its inception in 1971, and he’s 
been looking for a successor for more than 
a"year, he said. Now Mr. Ferr6, having 
fulfilled his commitment as President of the 
Alumni Association is available, and Mr. 
Tishman lost no time in enlisting him. 

Mr. Ferr6, who could not be at the meet¬ 
ing, said in a telegram that “nothing could 
give me greater pleasure than to help M.l.T. 
in broadening the education of its students, 
to give them a fuller grasp of the arts and 
humanities as an essential part of their train¬ 
ing to become competent scientists and en¬ 
gineers with the sensitivity and understand¬ 
ing that is necessary to make them better 
citizens and happier human beings.” 

As Fellow of the Council, Professor White 
wilt deliver a public lecture in the spring. It's 
a new program "to further education in the 
arts at M.l.T.," says Roy Lamson, Special 
Assistant to the President for the Arts. 

The McDermott Award, "for major con- 
tributbns to the arts as a means of human 
fulfillment," went to Professor Liepmann 
with a citation that said, "The measure of 
this man is no less than melody itself. Music 
is not only his profession but his metaphor. 

. .. His ears have long been attuned to the 
perrennial song of youth, and he has con¬ 
stantly raised his voice to remind us that 
students want beauty as well as apprentice¬ 
ship. And so his mind has been a met¬ 
ronome, keeping us in time with our 
time." □ 



Mrs. Jacquss Lipchitz (second from the 
right) was honored during the 1975 meet¬ 
ing of the Gouncii for the Arts etM.i. T. when 
members visited Heyden Ubrery courtyard. 
Five Jacques Lipchitz scuiptures are on dis¬ 
play there, on loan to M.l.T. through the gen¬ 
erosity of Mrs. Lipchitz. Left to right, front 
row, are Paul Tishman, '24, retiring Chair¬ 
man of the Council; Professor Wayne V. 
Andersen, Chairman of the Committee on 
the Visual Arts; Mitchell Silverstein, '48, a 
member of the Council; President Jerome B. 
WIesner; Mrs. Lipchitz; syid Mrs. Tishman. 


Individuals Noteworthy 

Kudos: Honors, Awards, Cltattons _ 

To S. Donald Stookey, Sc.D. ’40, Director 
of Fundamental Chemical Research at 
Corning Glass Works, the 1975. Phoenix 
Award of the glass industry sponsored by 
Glass Industry Magazine ... to Jacob P. 
Den Hartog, Professor Emeritus of 
Mechanical Engineering at M.l.T., the 
Trent-Crede Medal of the Acoustical Soci¬ 
ety of America "for his contributions to the 
field of shock and vibration as a practicing 
engineer, author, and teacher." Professor 
Den Hartog also received an honorary doc¬ 
tor of science degree from the University of 
Newcastie-on-Tyne, England ... to Roger 
G. Burna, Professor of Mineralogy and 
Geochemistry at M.l.T., the Mineralogical 
Society of America Award for 1975 for his 
contribution to mineralogical applications of 
crystal field theory. 

To Charles J. McMahon, Jr., Sc.D. '63, 
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Professor of Metallurgy and Materials Sci¬ 
ence at the University of Pennsylvania, the 
Mathewson Gold Medal Award of the Metal¬ 
lurgical Society of the American Institute of 
Mining, Metallurgical, and Petroleum Engi¬ 
neers, and corecipient of the Henry Marion 
Howe Medal of the American Society for 
Metals ... to Lester Machta, Sc.D. '48, Di¬ 
rector of the National Oceanic and Atmo¬ 
spheric Administration's Air Resources Latx)- 
ratory in Silver Spring, Md., the $1,000 1975 
N.O.A.A. Award for ^ientific Research and 
Achievement ... to Harry R. Glahn, S.M. 
'58, Deputy Director of the Techniques De¬ 
velopment Laboratory of the National 
Weather Service, the annual award for En¬ 
gineering and Applications Development of 
the N.O.A.A. 

To Alan S. Willsky, '69, Assistant Pro¬ 
fessor of Electrical Engineering at M.I.T., 
the 12th Donald P. Eckmar. Award of the 
American Automatic Control Council ... to 
Harold Locke Hazen, '24, Dean Emeritus 
of the M.l.T, Graduate School, the 1975 L.E. 
Grinter Distinguished Service Award of the 
Engineer's Council for Professional De¬ 
velopment ... to Phyllis A. Wallace, 
Professor of Management at M.I.T., the 
Eartha M. White award of the National Busi¬ 
ness League "for exemplary dedication to 
the cause of minority entrepreneurship and 
management education" ... to Hoyt C. 
Hottel, '24, Professor Emeritus of Chemical 
Engineering at M.l.t., the 1975 Royal Soci¬ 
ety Esso Award for the Conservation of 
Energy for his contribufioyi to the science 
and technology of solar energy collection. 

To Ronald L. Bagley, '69, the U.S. Air 
Force Commendation Medal... to Andrew 
J. Vlterbl, '56, Executive Vice President of 
LINKABIT Corp., San Diego, Calif., the 
1975 Christopher Columbus International 
Communications Award given annually by 
the city of Genoa, Italy... to Tarek S. Aziz, 
Sc.D. '74, the $300 Fourth Award in 
graduate student competition in the 1975 
Engineering Student Design Competition 
sponsored by the James F. Lincoln Arc 
Welding Foundation of Cleveland, Ohio .. . 
J. Herbert Hollomon, '40, Professor of En¬ 
gineering and Director of the Center for Pol¬ 
icy Alternatives at M.I.T., has been named 
to the recently established Japan Steel In¬ 
dustry Professorship at M.l.T. made possi¬ 
ble by a $1 million gift from the Japan Iron 
and Steel Federation. 

Robert B. Semple, '32, Chairman of the 
Board of B.A.S.F. Wyandotte Corp., Wyan¬ 
dotte, Mich., has been elected a Fellow of 
the American Institute of Chemical En¬ 
gineers ... Martin C. Jischke, '64, As¬ 
sociate Professor of Aerospace, Mechani¬ 
cal, and Nuclear Engineering at the Univer¬ 
sity of Oklahoma was appointed by the 
President to a 1975-76 White House Fellow. 

Counselors: 

Officers, Directors, Advisors _ 

Norman A. Jacobs, S.M. '59, President of 
Amicon Corp., elected President of the 
Licensing Executives Society, Inc. . . . 


Stephen A. Kliment, '53, Architect and 
Editorial Consultant, to a second four-year 
term as Chairman of the Advisory Council of 
the School of Architecture and Urban Plan¬ 
ning at Princeton University .. . H. Stanley 
Palmer, '48, Plant Engineer at Colby Col¬ 
lege, to the Energy Conservation Commit¬ 
tee of the Association of Physical Plant Ad¬ 
ministrators of Universities and Colleges 
... Julius S. Levine, M.C.P. '60, Executive 
Vice President of Gladstone Associates, to 
the Board of Governors of the American In¬ 
stitute of Planners. 

Thomas F. Jones, Sc.D. '40, Vice Presi¬ 
dent for Research at M.I.T., and George F. 
Schlaudecker, S.M. '39, Group Vice Presi- 
denf for Chemicals at the Sherwin-Williams 
Co., Cleveland, have been elected Direc¬ 
tors of Industrial Nucleonics Corp., Colum¬ 
bus, Ohio . .. Charles B. Henderson, S.M. 
'42, Director of the Research and Technol¬ 
ogy Division at Atlantic Research Cotp., 
Alexandria, Va., to Vice President of the 
Corporation ... Richard S. Morse, '33, 
President of the M.l.T. Development Foun¬ 
dation, Inc., named by President Ford to the 
general advisory committee of the Energy 
Research and Development Administration. 

Albert E. Paladino, Sc.D. '62, to the 
Materials Program in the Office.of Technol¬ 
ogy Assessment of the U.S. Congress ... 
Peter Ben|amin, S.M. '66, to Director of the 
Division of Technical Coordination and 
SupF>ort in the Office of Capital Assistance 
of the U.S. Department of Transportation's 
Urban Mass Transportation Administration. 

Walter L. Milne, Assistant to the Chair¬ 
man of the M.l.T. Corporation and Special 
Assistant to the M.l.T. President for Urban 
Relations, to the Community District Advis¬ 
ory Council for Boston Public School District 
9 ... Rogers B. Finch, '41, Executive Di¬ 
rector and Secretary of the American Soci¬ 
ety of Mechanical Engineers, to the Board 
of Directors of the American Society of As¬ 
sociation Executives . .. John S. Reed, '61, 
Executive Vice President of First National 
City Bank, to the Board of Directors of Philip 
Morris, Inc... . Henry D. Jacoby, Professor 
of Management at M.I.T., to the Committee 
on Future Energy Prospects of the National 
Petroleum Council. 

Appointments: 

Rising In the World of Business _ 

Andrew F. Corry, '44, to Vice President of 
Electric for Boston Edison Co. . . . D. Wil¬ 
liam Lee, Sc.D. '58, Vice President of Ar¬ 
thur D. Little, Inc. ... S. Bruce Smart, Jr., 
S.M. '47, President and Chief Operating 
Officer of Continental Can Co. . . . Dedy R. 
Saban, '53, Senior Vice President ahd Di¬ 
rector of International Operations of Cramer 
Electronics, Inc. . .. Clyde N. Baker, '52, 
Executive Vice Pr3siden5 of Soil Testing 
Services, Inc., Northbrook, III... . Nicholas 
D. DePasquala, '71, Vice President for Tac¬ 
tical Weapons Systems at the Orlando, Fla. 
division of Martin Marietta Aerospace . .. 
Franz H. Tyaack, '51, Vice President of 
Westinghouse Electric Corp. 


Paul E. 
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153 Pearl Street 
Newton, Maaa. 
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(617) 396-9110 


Syska & 
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Inc. 
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Mechanical-Electrical-Sanitary 
Elevator 6 Materials Handling 
Specialty Divisions: 

S&H Information Systems. Inc. 
Engineering Management Division 
Lighting Design Workshop 
Site Planning-Automation 
John F. Hennessy. Jr. '51 
110 West 50th Street 
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1900 Avenue of the Stars 
Century City 
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H. H. Hawkins & 
Sons Co. 


building contractors 

Steven H. Hawkins. ‘S' 

t86 Whiting Street 
Hingham. Mass. 02043 
(617) 244-8111 


Haley & 
Aldrich, 

Inc. 

Consulting Geotechnical Engineers 
and Geologists 

Soil and Rock Mechanics 
Engineering Geology 
Engineering Geophysics 
Foundation Engineering 
Terrain Evaluation 

Harl P. Aldrich, Jr. *47 
Martin C. Murphy '51 
Donald E. Reed '64 
Edward B. Kinner '67 
John P. Dugan '63 
Douglas G. Gifford 71 
Joseph J. Rixner '63 


Maurice A. 

Reidy 

Engineers 


Foundations and Soil Mechanics 

Structural Designs. Buildings. 
Bridges 

101 Trernont Street 
Boston. Massachusetts 02106 


Mueser, 
Rutledge, 
Wentworth 
& Johnston 

Cor>8Ulting Er>gir>eers 


Items of Interest _ 

Phyllis A. Wallace, Professor of Manage¬ 
ment at M.I.T., edited the recently published 
Equal Employment Opportunity and the 
A.T. & T. Case .. . Myron Tribus, Director 
of the Center tor Advance Engineering 
Studies at M.I.T., presented the keynote 
address at the September, 1975 Confer¬ 
ence on Productivity Improvement in the 
Service Sector of the National Economy ... 
Bernard T. Feld, f’rotessor of Physics at 
M.I.T., has been named editor-in-chiet of 
the Bulletin of the Atomic Scientists ... 
Myron K. Cox, S.M. '57, has been given a 
1975-76 research grant by the College of 
Business and Administration at Wright State 
University in Dayton, Ohio. 

Appointments In Academe _ 

Donald A. Martin, '62, Professor at the 
Rockefeller University . . . Lynwood 
BryanL Professor Emeritus of History at 
M.l.T. and former director of the M.l.T. 
Press, Senior Resident Scholar at the 
Eleutherian Mills-Hagley Foundation and a 
member of the History Department at the 
University of Delaware . . . Robert G. Dean, 
Sc.D. '59, Unidel Professor of Civil En¬ 
gineering and Marine Studies at the Univer¬ 
sity of Delaware . .. Gus Solomons, Jr., 
'61, Artist-in-Residence in Dance at Deni¬ 
son University ... June R. Scott, Ph.D. '65, 
Associate Professor of Microbiology at 
Emory University . . . Perry L. McCarty, 
Sc.D. '59. Silas H. Palmer Professor of Civil 
Engineering at Stanford University. □ 


Mathematics Department, described Pro¬ 
fessor Levinson as "a mathematician of the 
first magnitude, a scholar whose dedication 
to excellence has left its mark on all of us." 
President Jerome 8. Wiesner cited "his 
scholarly brilliance, warm human under¬ 
standing, and devotion to the Institute." 

Only a year before his death Professor 
Levinson completed a comprehensive 
manuscript of mathematical analysis setting 
forth what proved to be the strongest result 
yet known in the direction of the so-called 
Riemann hypothesis, one of the most fa¬ 
mous, important, and challenging unsdived 
problems in mathematics. Earlier he had 
worked with geologists on the M.l.T. faculty 
to apply mathematical principles developed 
by the late Norbert Wiener to seismic 
analysis. 

Professor Levinson came to M.l.T. as an 
undergraduate from Lynn, Mass., and he 
spent his entire professional career at the 
Institute after receiving Master's (1934) and 
Doctor's (1935) degrees here. He joined the 
teaching staff in 1937 and the faculty in 
1939, and from 1968 to 1971 he was Head 
of the Department of Mathematics. 

Professor Levinson held the Bocher 
Memorial Prize of the American Mathemati¬ 
cal Society (1953) tor work on differential 
equations and the Chauvenet Prize of the 
American Mathematical Association (1970), 
and he had held fellowships tor work at 
Cambridge University (1934-35), the Insti¬ 
tute tor Advanced Study and Princeton Uni¬ 
versity (1935-37), the University of 
Copenhagen (1948), and the University of 
Tel Aviv (1967). □ 




Norman Levinson, 
1912-1975: 
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Mathematician 


N. Levinson 


C. E. Smith 


Charies E. Smith, 
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Foundations lor Buildings. Bridgss 
and Oams-Tunnela-Bulkheadt- 
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Suparvlsion 

William H Muesar '22. 
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Norman Levinson, '33, a distinguished 
mathematician who was Institute Professor 
and Professor of Mathematics at M.l.T. and 
had served on the Institute faculty for 38 
years, died at Massachusetts General Hos¬ 
pital on October 10, 1975, after a long ill¬ 
ness. He was 63. 

Professor Kenneth Hoffman, Head of the 


Charles E. Smith, '00, who was President of 
the M.l.T. Alumni Association in 1934-35 
and a member of the M.l.T. Corporation 
from 1934 to 1940, died in New Haven, 
Conn., on September 21,1975. He was 98. 

Mr. Smith studied civil engineering at 
M.l.T., and he made a distinguished career 
in that profession, working chiefly for the 
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Missouri Pacific Railroad, as a consulting 
engineer in St. Louis, and for the New 
Haven Railroad, of which he was Vice Pres¬ 
ident from 1928 until retiring in 1949. Be¬ 
ginning in 1907 he was in charge of the de¬ 
sign, construction, maintenance, and safety 
of all bridges on the Missouri Pacific Rail¬ 
road. As a consulting engineer in St. Louis 
for 12 years, he was in charge of planning, 
designing, and building of markets, au¬ 
ditoriums, and transport facilities in the 
many midwestern states. Finally, in 1928 
Mr. Smith returned to New England (he was 
a native of Somerville) to become Vice Pres¬ 
ident of the New Haven, where he was As¬ 
sistant to the President and in. charge of 
purchases, the New England Transporta¬ 
tion Co., the County Transportation Co., 
and the New England Steamship Co. 

Mr. Smith was the first Alumni Association 
President to' be an ex-officio member of the 
Corporation: he was a long-time member of 
the Alumni Council and while a member of 
the Corporation served as Chairman of the 
Visiting Committee to the Department of 
Civil and Sanitary Engineering. During Mr. 
Smith’s leadership and largely at his instiga¬ 
tion that annual Alumni Days were substi¬ 
tuted for the “All-Tech Reunions” previ¬ 
ously conducted every five years. □ 


Douglas P. Adams, 
1908-1975: 

Nomography and 
Boston ia 

Douglas P. Adams, Professor Emeritus of 
Mechanical Engineering whose avocational 
interest in the history of Boston was almost 
as strong as his professional interest in en¬ 
gineering design, died on October 25 of a 
heart attack at his home in Charlestown, 
Mass. He was 67. 

Professor Adams studied mathematics 
(B.S. 1930, M.A. 1933) and law (J.D. 1937) 
at Harvardj and he taught at M.l.T. for 35 
years until his retirement in 1974. His spe¬ 
cial interest was the use of computers in var¬ 
ious aspects of engineering design — 
nomography, kinematics, and other forms of 
analysis. He had also studied computer 
regulation of traffic flow, stereo-electronic 
recording of surfaces for criminological pur¬ 
poses, and the use of computers for analyz¬ 
ing piping and circuitry in building design. 

Even while teaching at M.l.T. Professor 
Adams had been a member of 16 local his¬ 
torical societies and Served five of them as 
President; he was keenly interested in all 
aspects of the history of the Greater Boston 
area, and many undergraduates remember 
his enthusiastic leadership of an under¬ 
graduate seminar on "The Birth and Care of 
a City.” 

As a member of the Massachusetts 
Bicentennial Commission, Professor 


Adams conceived and coordinated the ex¬ 
tensive ceremonies for Bunker Hill Day on 
June 17, 1975; he had a major part in help¬ 
ing to save and restore many Revolutionary 
sites in Greater Boston. 

"By personal example and dedication, ’ 
said Professor Herbert H. Richardson, ’53, 
Chairman of the Department of Mechanical 
Engineering, "Professor Adams inspired in 
generations of students and colleagues a 
spirit of intellectual honesty and precision 
as well as deep concern for people and their 
historical heritage." □ 


Francis W. Sears, 
1898-1975 

Francis W. Sears, '20, who taught physics 
at M.l.T. for 38 years before becoming 
Chairman of the Department of Physics at 
Dartmouth, died in Hanover, N.H., on 
November 12. He was 77. 

With Peter Debeye, Professor Sears dis¬ 
covered the interaction of light and sound 
waves (the "Debeye-Sears effect’’) in 
transparent material. He was widely ad¬ 
mired as a teacher, and Professor Sears' 
text on Principles of Physics sold millions of 
copies. 

Professor Sears retired as Chairman of 
the Department at Dartmouth in 1964, and 
he was Appleton Professor Emeritus at the 
time of his death. He held both under¬ 
graduate and Master’s (1924) degrees in 
physics from M.l.T. D 


Deceased 

Charles E. Smith, ’00; September 21, 1975; 

48 Beechwood Ln., Now Haven, Conn.* 
Henry R. Sewell, '08; October 12.1975; c/o 
Stetson Manor, Barstow St., Norwell, 
Mass.* 

John E. Barnard, '10; November 13, 1974; 

60 Main St., Osterville, Mass. 

Alfred Hague, '10; October 19, 1975; 631 
S.W. 6th St. 804, Pompano Beach, Fla.* 
Robert P. Waller, '10; October 17, 1975; 
Meadow Lakes, Apt. 1307 U, Hightstown, 
N.J. 

Ove Collett, '11; June. 1970; Cort Adelers 
Qt. 16, P.O. Box 2428 Solli, Oslo 2, Nor¬ 
way 

Roy D. Van Alstine. ’11; July, 1974; 3737 
Atlantic Ave, Apt. 1001, Long Beach, 
Calif. 

Raymond E. Wilson, '12; August 19, 1975; 

304 Park Ave., Swarthmore, Penn. 
Robert V. Townend, '14; August 22, 1975; 
Morristown, N.J. 

David M. Shohet, '16; June 24. 1975; P.O. 

Box 62, West Medford, Mass. 

Richard H. Catlett. ’17; June 17, 1975; 410 


Somerset Ave., Richmond, Va. 

Vincente F. Checa, '17; June 29, 1975; Ave. 

Salaverrez 3580, San Isidro, Lima, Peru 
Vallette S. Church, '17; August 30, 1975; 
P.O. Box 341, 1715 Main St., Cotuit, 
Mass. 

Charies t. Coburn, '17; May 24, 1975; 158 
Coronado Ave., Los Altos, Calif. 

Frank S. Krug, Jr., '17; October 12, 1972; 

2552 Madison Rd., Cincinnati, Ohio 
William H. Banks. '19; September 28, 1975; 

170 South Rd., Rye Beach, N.H.* 

Arthur W. Morse, '21; March 7, 1975; 1055 
Washington Blvd., Stamford, Conn.* 
Philip A. Nelles, '21; July 13, 1975; 21 Sun¬ 
set Rd., Stoneham, Mass. 

Charles H. Whittum, '22; August 7, 1975; 

Rt. 2 Box 203, Rock Hall, Md. 

Frederick E. Bastion. '23; June 17, 1975; 

1019 85th St., Niagara Falls, N 'T. 
Samuel T. Dubitsky, '23; August, 1975; 362 
Nayott Rd., Barrington, R.I.* 

Uncas A. Whitaker, '23; September 16, 
1975; Harrisburg, Penn. 

Eugene E. Cronin, '24; August 4. 1975; c/o 
Rex, 105 Grover Ave., Winthrop, Mass. 
Samuel J. Hatfield, '24; June, 1975; 124 
Charlotte St., Burlington, Vt. 

Simon Kirshen, '24; October 24, 1975; 135 


Polysciences, 

Inc. 


Research, development, 
and consultation In the 
fields of polymers, 
monomers, life sciences, 
and medical plastics 

B. David Halpern, '43 

Paul Valley Industrial Park 
Warrington, Pennsylvania 
(North of Philadelphia) 
(215) 343-6484 

TAO 

Inc. 


8 


Contract Engineering 
Services 

Offices in; 

California New York 

Illinois Pennsylvania 

Missouri Texas 

New Jersey Virginia 

Home Office; 

639 Massachusetts Avenue 
Cambridge. Massachusetts 02139 
Telephone: (617) 868-1650 


Technology Review, January, 1976 95 


Stearns & 
Wheler 

Civil and Sanitary Engineara 
Consulting Enginatrs 

Sawaraga Oralnaga and Flood Con¬ 
trol, Water Supply and Diatributlon, 
Water and Wasta Treatment, Munici¬ 
pal Engineering, Raluaa Olspoaal, 

W.O. Lynch ‘47, S.Q. Brisbin, '50 
A.G. Whaler ‘51, D.E. Schwinn ‘St 

10 Albany Slraat, Cazanovia, New 
York 13035 (315) 655-8181 

technology 

services 

inc. 


technical and Induitrlal 
marketing consultants 

Michael K. Bonner '49 

14 Variderventer Avenue 
Port Washington, N. Y. 11050 
(516) 767-1440 





METALLURGY 

Tungsten, molybdenum, co¬ 
balt, special alloys — fabrica¬ 
tions. "HI-DENS” tungsten 
ailoys — for counterweights 
and shielding. 


SOLID STATE SENSORS 

Semiconductor strain gages, 
integral silicon force-sensors 
and temperature sensors for 
measurement and control 
applica{ions. 

Anthony D. Kurtz, 1951 

Ronald A. Kurtz, 1954 





(Kulite Semiconductor Products, Inc., 
Kulite Tungsten Corporation) 

1030 Hoyt Avenue, Ridgefield, N. J. 


Waban Hill Rd., Chestnut Hill, Mass.* 
George Riegl, '24; June 24, 1975; Carmel 
Valley Manor, P.O. Box 6087, Carmel, 
Calif* 

Gordon Wheeler, '24; March 18, 1975; 333 
W. Market St., Troy, Ohio* 

John Albert Carnagey, '25; September 20, 
1975; P.O. Box 741, Badin, N.C.* 

Willard E. Edwards, '26; August, 1975; Apt. 

622, 1434 Punahou, Honolulu, Hawaii 
Paul C. Eaton, '27; September 18, 1975; 

Box 753, Kennebunkport, Maine 
Richard T. Davidson, '28; October 3, 1975; 

962 Tropic Blvd., Delray Beach, Fla. 
Ralph B. Atkinson, '29; June 11,1975; Casa 
De Castro, 1224 Castro Rd., Monterey. 
Calif.* 

Bernard B. Brockelman, '29; August 26, 
1975; 10 Fearing Dr., Westwood. Mass. 
Thomas V. Moore, '29; August 19, 1975; 

18507 Prince William Ln., Houston. Tex. 
William S. Tyler III, '29; September 16, 
1975; P.O. Box 291, San Marcos, Calif.* 
Arthur R. Partington, '31; March 18, 1975; 

365 Manchester Rd., Ridgewood, N.J. 
Erwin O. Kruegel, '32; August 12, 1975; 
4501 Connecticut Ave. N.W., Washing¬ 
ton, D.C.* '' 

Oliver H. Scharnberg, '32; October 20, 
1975; 217 Grove St., Westwood. Mass.* 
Norman Levinson, '33; October 10, 1975; 

131 Sewall Ave., Brookline, Mass.* 
Charles E. Miller, '33; April 3, 1975; c/o 


O. G. Daniels.. 8105 Flourtown Ave., 
Philadelphia, Penn. 

H. Page Cross, '36; August 28,1975; 157 E. 

75th St., New York. N.Y.* 

Clifton L. Norton, '43; May 25, 1975; 2013 
Commonwealth Ave., Brighton, Mass. 
Thomas F. Dolan, '44; October 26, 1975; 

Essex St., Middleton, Mass. 

Joseph J. Schaefer, '44; October, 1975; 66 
Hubbard Rd-., Weston, Mass. 

Martin M. Phillips, '47; October 4, 1975; 41 
Avalon Rd., Waban, Mass.* 

Stewart W. Sennett, Sr., '49; September 14, 
1975; R.F.D. #3, Box 250, Coffee Run 
Dr., Hockessin, Del. 

Frank B. Connelly, '50; September 9, 1975; 

719 W. Highland Ave. Elgin, III. 

Robert E. Nahm, '50; July 4, 1975; 49 Mile 
Rd., Suffern, N.Y. 

Richard D. Goss, '51; August 1, 1975; 24 
Rockland St., Swampscott, Mass.* 

.John R. McMaster, '55; September 23, 
1975; 9403 McLennan, Sepulveda, Calif. 
Joseph B. Norvell, '57; July 27, 1975; 9804 
Hedin Dr., Silver Spring, Md. 

William L. Sacks, '61; October 15, 1975; 

546 Twitchell Rd., Mansfield, Ohio 
Clarence O. Thornburg, Jr., '66; August 1, 
1975; Rte. 1-Box 282, Dallas, AI.C. 
Timothy W. Holm, '75; June 20, 1975; 2738 
Pleasant Hill Rd., Pleasant Hill, Calif. 

* Further information in Class Review 


albert 


PIPE • VALVES • FITTINGS 

Steel / Yoloy / Aluminum 
Plastic / Stainless / Alloy 

PIPE FABRICATION From ons codad 

prassura v*$s«i to completa powar ploiit pn-fabricotod piping, 

I^Econonkat pipo system for ol- 
gottwring, dowotering and diomkal proc^ng lines. 

PIPE PIUNG& ACCESSORIES 

Pipes ( clamps for storage racks. 


WftITK FOIt Fim SROCHUItBt 

ALBERT PIPE SUPPLY CO., INC 

Minuftctuiwt—Fikricttor*—Distributes 

101 VARICK AVE„ BROORLTN, N. T. 11237 
Telephone; 212-4974900 
S.B. ALBERT '29 • A.E. ALBERT 'SB 
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70 New Young Faculty; 
Future Leaders of M.l.T. 

Seventy new members of the M.l.T. faculty 
with the rank of Assistant Professor are 
completing their first months of teaching on 
the faculty. Their appointments, announced 
during the spring and fall, are evidence that 
despite budget stringencies “new blood” is 
joining the M.l.T. faculty regularly to as¬ 
sume leadership roles in coming decades. 
The new appointees; 

— Donald B. Anthony, Sc.O. 74, is Assist¬ 
ant Profesor of Chemical Engineering in 
charge of the Bound Brook (N.J.) Station of 
the School of Chemical Engineering Prac¬ 
tice, where he supervises some 12 M.l.T. 
graduate students working at American 
Cyanamid Co. 

— Raymond M. Baker, Department of 
Biology. A graduate in biophysics from Yale 
and the University of California (Berkeley), 
Dr. Baker has worked on cancer research 
and medical biophysics at the University ot 
Toronto; he will be associated with the 
M.l.T. Center for Cancer Research. 

— Arnold t. Barnett, Ph.D. 74, has taught 
mathematics at M.l.T. and is now Assistant 
Professor in the Sloan School of Manage¬ 
ment; a specialist in applied mathematics, 
he is the author of a widely reported study of 
homicide rates in American cities. 

— Klaus J. Bathe, Department of Mechani¬ 
cal Engineering, came to the U.S. after 
completing civil engineering training at the 
University of Cape Town, South Africa; he 
has since been at the Universities of Cal¬ 
gary (Canada) and California (Berkeley) 
where, before January 15, he was develop¬ 
ing computer programs for structural 
analysis. 

— James M. Becker, Department of Civil 
Engineering, has held consulting and man¬ 
agement assignments for the Center for En¬ 
vironmental Structure (Berkeley), Inland 
Steel (Chicago), and Shell Oil Co. (New Or¬ 
leans). His degrees in structural design are 
from Cornell and )he. University of Califor¬ 
nia. 

— John R. Bennett, Department of Earth 
and Planetary Sciences. After study at the 
University of Wisconsin, Dr. Becker has 
been General Physical Scientist for Project 
Lake Ontario, a N.O.A.A.-sponsored pro¬ 
gram under the International Field Year for 
the Great Lakes. 

— Zvi Body, Ph D. 75, Sloan School of 
Management. Formerly an instructor in 
economics and finance in the Boston Uni¬ 
versity School of Management, Dr. Body 
studied philosophy at Brooklyn College and 
economics at Hebrew University, 
Jerusalem, before enrolling at M.l.T. for his 
doctorate in economics. 

— George W. Brandenburg, Department 
of Physics, has spent his first term on the 
M.l.T. faculty working in an experimental 
group at the Fermi National Accelerator 
Laboratory, Chicago. His degrees are from 
Harvard, and he has studied and worked at 


the Max Planck Institut fOr Physik in Munich 
and the Stanford Linear Accelerator Center. 

— Leonard G. Buckle, '64, is co-reporter 
with his wife, Suzann (see below), to the 
American Bar Association on a juvenile jus¬ 
tice standards project at M.l.T. He holds de¬ 
grees from the Institute in electrical en¬ 
gineering, management, and urban studies 
and planning, the Apartment whose faculty 
he has joined. 

— Suzann T. Buckle, Ph.D. '74, is coor¬ 
dinator with her husband (see above) of 
law-related studies in the Department of 
Urban Studies and Planning, where she is 
also Associate Director of the under¬ 
graduate program. Her earlier degrees are 
in English and Biblical studies from Welles¬ 
ley. 

— Claude R. Canizares, Department of 
Physics. While studying at Harvard, Dr. 
Canizares was associated with the Cam¬ 
bridge Electron Accelerator; since 1971 he 
has been working on data acquisition from 
X-ray astronomy experiments in the M.l.T. 
Center for Space Research. 

— Rowland M. Cannon, Jr., '66, Depart¬ 
ment of Materials Science and Engineering. 
Dr. Cannon's undergraduate and graduate 
degrees (Ph.D., M.l.T., 1975) have been in 
the field of ceramics, and his research in 
that field at M.l.T. has resulted in a patented 
ceramic-to-metal seal system. 

— Flora Y. F. Chu, Department of Electrical 
Engineering. Dr. Chu's degrees are from 
the University of Wisconsin, where she has 
been a lecturer in electrical engineering. 

— Joel P. Clark, Sc.D. '72, Department of 

Materials Science and Engineering. Dr. 
Clark's appointment is in the field of materi¬ 
als systems; he comes to the Institute from 
a post as Project Manager at Texas Instru¬ 
ments, Inc., Attleboro, Mass. , 

— Phillip L. Clay, Ph.D. '75, Department of 
Urban Studies and Planning. Dr. Ciay has 
taught in the Department while working on 
his Ph.D. degree, and he has also been a 
fellow of the Joint Center for Urban Studies 
of Harvard and M.l.T. 

— Carlos F. Daganzo, Department of Civil 
Engineering. As a graduate student at the 
University of Michigan, Dr. Daganzo worked 
on dial-a-bus systems and traffic routing 
models; his undergraduate degree is from 
the University of Madrid. 

— Owen L. Deutsch, Ph D. '75, Depart¬ 
ment of Nuclear Engineering. Dr. Deutsch 
came to M.l.T. for graduate work after re¬ 
search assignments at Los Alamos 
Scientific Laboratory; he is now helping 
several Boston-area hospitals with radiation 
shielding studies for diagnostic and 
therapeutic radiology. 

— James W. Driscoll, Sloan School of 
Management. Dr. Driscoll is a specialist in 
organizational behavior, and he taught at 
the New York State School of Industrial and 
Labor Relations while studying for his Ph.D. 
at Cornell; his earlier degrees are from Har¬ 
vard College and the Harvard Business 
School. 

— Clarence A. Ellis, Department of Elec¬ 
trical Engineering and Computer Science. 
Formerly Assistant Professor at the Univer¬ 


sity of Colorado, Dr, Ellis comes to M.l.T. 
from the I.B.M. Watson Research Center. 
His degrees, from Beloit College and the 
University of Illinois, are in physics, 
mathematics, and computer science. 

— Lloyd S. Etheredge, Department of 
Political Science. Following studies at Ober- 
lin and Yale, Dr. Etheredge taught at the 
University of Manitoba before coming to the 
Institute. His research is in political be¬ 
havior, psychology, and policy formation. 

— Christos Georgakis, du Pont Assistant 
Professor in Chemical Engineering. Dr. 
Georgakis is teaching chemical kinetics and 
reactor design. His degrees are from the 
Universities of Athens, Illinois, and Min¬ 
nesota, and he has taught at the University 
of Minnesota. 

— David C. Gossard, Ph.D. '75, Depart¬ 
ment of Mechanical Engineering. As an 
M.l.T. graduate student. Dr. Gossard was 
coordinator of the Engineering Project 
Laboratory and worked with the joint civil 
engineering-mechanical engineering com¬ 
puter facility; his earlier degrees are from 
Purdue. 

— Edward M. Graham, Sloan School of 
Management. A graduate of the Harvard 
Business School, Dr. Graham's current re¬ 
search is on multinational enterprise; he 
has been on the teaching staff of the Central 
American Institute of Business Administra¬ 
tion in Managua, Nicaragua, and more re¬ 
cently has taught at Northeastern and Bab- 
son College. 

— Frederick L. A. Grauer, Sloan School of 
Management. A consultant to the Institute 
for the Future, Dr. Grauer studied 
economics and finance at British Columbia, 
Chicago, and Stanford. 

— Ted R. I. Greenwood, Ph.D. '73, at¬ 
tended the tenth Pugwash Conference as 
rapporteur (1970) and has since held re¬ 
search appointments in international affairs 
at Harvard and M.l.T. His degrees are in 
mathematics, physicis, and political sci¬ 
ence. 

— Alan J. Grodzinsky, '69, won the Good¬ 
win Medal “for conspicuously effective 
teaching" as a graduate student in electrical 
engineering — the Department to whose 
faculty he has now been appointed. He is 
principal viola in the M.l.T. Symphony Or¬ 
chestra. 

— Robert L* Jaffe, Department of Physics. 
While completing his doctorate at Stanford 
Dr. Jaffe was associated with the Stanford 
Linear Accelerator Center; since 1972 he 
has been a post-doctoral research fellow at 
M.l.T. 

— David J. Jansson, '68, Department of 
Aeronautics and Astronautics. Dr. Jansson 
has worked in the Charles S. Draper 
Laboratory and as Program Director for In¬ 
formation Systems Devices at the U.S. 
Office of Naval Research, where he de¬ 
signed a new respiratory protective device 
for firefighters. His three degrees are from 
M.l.T. 

— John D. Joannopoulos, whose re¬ 
search is on the theory of disordered sys¬ 
tems and the properties of surfaces, comes 
to the Department of Physics from the Uni- 
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versity of California. 

— Charles L. Jones, Department of Politi¬ 
cal Science. A specialist in social mobility, 
survey analysis, and modeling social pro¬ 
cesses, Dr. Jones is a permanent lecturer at 
the University of Edinburgh, where he re¬ 
ceived his Ph.D.; his earlier training was at 
Cambridge University and the London 
School of Economics. 

— Manohar U, Kalwani, Sloan School of 
Management. While completing his Ph.D. at 
the Columbia Graduate School of Business, 
Dr. Kalwani taught business mathematics 
and computer programming. He came to 
Purdue for his master’s degree after studies 
at the Indian Institute of Technology, Bom¬ 
bay. 

—Edward C. Kern, Jr., Ph.D. '73, has been 
teaching marine hydrodynamics in the De¬ 
partment of Ocean Engineering while study¬ 
ing oil pollution control barriers and consult¬ 
ing on hydrodynamics at Lincoln Labora¬ 
tory. He holds undergraduate degrees from 
Dartmouth. 

— Alcira G. Kreimer, Departments of 
Urban Studies and Architecture. As a prac¬ 
ticing architect in Buenos Aires from 1968 to 
1970, Dr. Kreimer specialized in communi¬ 
cation environments and multi-media 
events. She will teach environmental de¬ 
sign. the field Of her graduate study at the 
University of California (Berkeley). 

— Yue-Ying Lau, '68, Department of 
Mathematics. As an undergraduate and 
graduate student at M.I.T., Dr. Lau 
specialized in astrophysics while earning 
degrees in electrical engineering. His teach¬ 
ing will be in applied mathematics. 

— David Lee, Department of Architecture. 
Currently with Stull Associates, Professor 
Lee has consulting assignments in New Or¬ 
leans and Houston and with the Roxbury 
Action Program, Boston; his architectural 
degrees are from the University of Illinois 
and Harvard, and he has taught at M.l.T. 
since 1973. 

— Roberto L. Lenton, Ph.D. '74, is a native 
of Buenos Aires with professional interests 
in water resources and river hydrology; he 
has been in the Department of Civil En¬ 
gineering at M.l.T. since completing under¬ 
graduate work in Argentina. 

— Steven R. Lerman, '72, Department of 
Civil Engineering. Dr. Lerman’s special field 
is the relationship between urban transport, 
land use, and household relocation, and he 
has worked in this area as an under-, 
graduate and graduate student at the Insti¬ 
tute. 

— James H. McClellan, Department of 
Electrical Engineering and Computer Sci¬ 
ence. Dr. McClellan came to Lincoln 
Laboratory in 1973 to work on digital signal 
processing for high-performance radar; his 
degrees are from Louisiana State and Rice 
Universities. 

— Sitlkantha Mahapatra, Sloan School of 
Management. Formerly at the Indian Insti¬ 
tute of Management, Dr. Mahapatra came 
to the U.S. tor his doctorate (Case Western 
Reserve University) in 1974 and since then 
has taught quantitative analysis and control 
at Bowling Green State University. 


— Manuel Martlnez-Sanchez, Ph.D. '72, 
Department of Aeronautics and Astronau¬ 
tics. A specialist in magnetohydrodynamic 
laser and coal combustion. Dr. Martinez- 
Sanchez studied at the University of Madrid 
before coming to M.l.T. in 1967. 

— Nathaniel J. Mass, '72, Sloan School Of 
Management. Dr. Mass, whose Ph.D. is 
also from M.l.T. (1974), has taught work¬ 
shops in economic theory and industrial 
dynamics, and he is currently Director of the 
Systems Dynamics National Modeling 
Laboratory in the Sloan School. 

— Carol D. Meyer, Department of Chemis¬ 
try. As a postdoctoral fellow at the Univer¬ 
sity of Rochester, Dr. Meyer worked in the 
field of organometallic chemistry; her 
graduate research at Brown was in car- 
bonium ion chemistry. 

— Philip C. Myers, Ph.D. ’72, Department 
of Physics. Mr. Myers will continue work on 
the design, construction, and testing of 
radiometers which he began as staff physi¬ 
cist in the Rdsearch Laboratory of Elec¬ 
tronics; he came to M.l.T. from Columbia in 
1966. 

— Owen H. Oakley, Jr., Ph D. '72, Depart¬ 
ment of Ocean Engineering. Professor 
Oakley's appointment is in the field of naval 
architecture; he has studied at the Univer¬ 
sity of Michigan and has done research in 
ship design at the University of California 
and the Technical University at Delft, the 
Netherlands. 

— William H. Rastetter, '71, Department of 
Chemistry. As a graduate student at Har¬ 
vard working on natural product synthesis 
and biogenesis. Dr. Rastetter won 
Harvard's award for excellence in teaching 
chemistry (1973); his Harvard Ph.D. was 
awarded last June. 

— David D. Redell, Department of Electri¬ 
cal Engineering. Until this year at the Uni¬ 
versity of California, Dr. Redell participated 
in the design and construction of a 
medium-sized computer system for a single 
laboratory and later of a large-scale 
general-purpose system for the campus 
computer center. 

— Eugenia Rivas, Ph.D. '71, Department 
of Meteorology. A native of Buenos Aires, 
Dr. Rivas spent two years at the University 
of Montevideo, Uruguay, from 1971 to 1973 
before returning to the Institute as Research 
Assistant. 

— Ronald L. Rivest, Department of Electri- 
ceil Engineering. Dr. Rivest has been at Yale 
and Stanford Universities and since 1973 
has been Scientific Director of the French 
Institute de Recherche d'Informatique et 
d’Automatique. 

— Nils R. Sandell, Jr., Ph.D. '74, worked 
last year with the M.l.T. Center for Ad¬ 
vanced Engineering Study preparing com¬ 
puter programs for linear systems and ac¬ 
companying video-taped lectures; his ap¬ 
pointment is Assistant Professor of Systems 
Science and Engineering in the Department 
of Electrical Engineering. 

— Richard R. Schrock, Department of 
Chemistry. After completing his doctorate at 
Harvard in 1971, Dr. Schrock held a post¬ 
doctoral fellowship at Cambridge University 


and served as research chemist in the du 
Pont company's Central Research and De¬ 
velopment Laboratory. 

— Adrian Segall, Department of Electrical 
Engineering. Dr. Segall studies &X The 
Technion and from 1968 to 1971 served as 
research engineer in the Scientific Depart¬ 
ment of the Israel Ministry of Defense; more 
recently he has been with Systems Control, 
Inc., Palo Alto, Calif. 

— Barbara Sirota, Department of 
Humanities. Dr. Sirota is completing her 
doctorate at Brown University, where she 
was one of the first persons in the U.S. to 
offer a course in women's studies. Her 
teaching at M.l.T. is in 17th- and 20th- 
century literature. 

— Robert J. Slattery, B. Arch. '70, is 
codirector of a project to renovate and mod¬ 
ernize the M.B.T.A. Park Street subway sta¬ 
tion and has designed major buildings for 
Hampshire College, Amherst, Mass., as 
Principal and Director of Arrowstreet, Inc., 
architects, planners, and environmental de¬ 
signers of Cambridge. His appointment is in 
the Department of Architecture. 

— Edward I. Solomon, Department of 
Chemistry. Dr. Solomon came to M.l.T. last 
fall from the Noyes Laboratory of the 
California Institute of Technology, where he 
was research fellow. His degrees are from 
Rensselaer and Princeton, and he has had 
a postdoctoral year at the University of 
Copenhagen. 

—Ralph H. Staley, Department of Chemis¬ 
try. Prior to his graduate work at California 
Institute of Technology in ion-molecule 
reactions and thermochemistry. Dr. Staley 
was research physicist at Feltman Re¬ 
search Laboratories, Dover, N.J. 

— Liba Svobodova, Department of Electri¬ 
cal Engineering and Computer Science. Dr. 
Svobodova, whose degrees are from the 
University of Prague and Stanford Univer¬ 
sity, came to the Institute from a junior fa¬ 
culty post at Columbia University. 

— Peter Szolovitz, Department of Electri¬ 
cal Engineering, comes to M.l.T. from 
graduate study at the California Institute of 
Technology. His research is in the field of 
automatic programming. 

— Hoo-min D. Toong, '67, is responsible 
for maintaining the Digital Systems 
Laboratory, the undergraduate digital logic 
teaching facility in the Department of Elec¬ 
trical Engineering. He has earlier been as¬ 
sociated with the Research Laboratory of 
Electronics and Project MAC while earning 
graduate degrees at M.l.T., and he has had 
professional experience with several indus¬ 
tries. 

— Harry L. Tuller, Department of Materials 
Science and Engineering. Dr, Tuller comes 
to M.l.T. from the Technion, Haifa, Israel, 
where he supervised research in metal 
oxide properties. His academic work was at 
Columbia University. 

— Danlele Veneziano, Ph.D. '74, came to 
M.l.T. from Italy in 1971. He has taught at 
the Institute of Minerals and Structures in 
L'Aquila, Italy, and his current research in 
soil properties is in cooperation with a UN¬ 
ESCO project at the National University of 
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Mexico. 

— Anne Vemez-Moudon, Department of 
Architecture. A teacher in the College of 
Environmental Design at the University of 
California (Berkeley) since 1973, Ms. 
Vernez-Moudon was previously associated 
with architectural firms in San Francisco 
and New York. 

— J. Kim Wandiver, Ph.D. 75, Department 
of Ocean Engineering. Dr. Wandiver re¬ 
turned to M.l.T. to complete graduate 
studies in 1971 after serving with the Army 
Corps of Engineers in Vietnam. 

—Stephen A. Ward, '66, has worked in 
the field of computer graphics in M.I.T.'s 
Education Research Center and Depart¬ 
ment of Biology: now he has completed 
his Ph.D. and joined the faculty in the 
Department of Electrical Engineering. 

— Cardinal Warde, Department of Electri¬ 
cal Engineering. Professor Warde is a na¬ 
tive of Barbados who studied at Stevens In¬ 
stitute of Technology and Yale, where he 
has been on the teaching staff since 1971. 

— Martha W. Weinberg, Department of 
Political Science. A specialist in educational 
services. Dr. Weinberg was for two years an 
analyst for^the Illinois Bureau of the Budget 
and has more recently been Assistant to the 
Massachusetts Secretary for Human Ser¬ 
vices. Her degrees are from Smith, Wiscon¬ 
sin, and Harvard. 

— Stanley A. West comes to the Depart¬ 
ment of Civil Engineering from the An¬ 
thropology "Department at Western 
Michigan University. A specialist in compu¬ 
ter applications in anthropology, he has 
worked among Mexican Americans and 
Puerto Ricans completing a doctoral thesis 
on the Mexican Aztec society. 

— John L. Wilson, III, Ph.D. '74, is in the 
Department of Civil Engineering to super¬ 
vise a program for training four Spanish en¬ 
gineers and one economist in groundwater 
management and policy. 

— Andrew C.-C. Yao, Department of 
Mathematics. Dr. Yao's specialty is 
mathematical problems related to computer 
science; he holds degrees in physics from 
National Taiwan University and Harvard 
and in computer science from the University 
of California (Santa Barbara). 

— Ronald W.-C. Yeung, Department of 
Ocean Engineering. Dr. Yeung has worked 
as a naval architect in engineering and 
shipbuilding firms in San Francisco, and at 
M.l.T. he is developing numerical methods 
for computing hydrodynamic forces. 

— George J. Yurek, Department of Materi¬ 
als Science and Engineering. Dr. Yurek's 
research at Oak Ridge National 
Laboratories and Bethlehem Steel Corp. 
has been in metallurgical failure analysis; 
he studied at Penn State and Ohio State 
Universities. □ 



There's a bit of a child in every visitor to The 
Exploratorium, San Francisco's science 
museum devoted to exhibits through which 
viewers can explore the mechanisms of 
their own perception," in the words of 
Frank Oppenheimer, its Director. The 
pictures were made during a three-hour 
private opening of the museum late last fall 
for the M.l.T. Club of Northern California. A 
feature of the afternoon was a brief 
description by Louis Alvarez (right), Nobel 
laureate physicist at the Lawrence 
Radiation Laboratory, of cosmic ray 
research represented In museum exhibits. 
(Photos: Philip Molten, '55) 
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Chief news for this month is the birthday 
of our member, Richard O. Elliot. On Feb¬ 
ruary 6 he will celebrate the 103rd anniver¬ 
sary of his arrival in the state of Maine. 
Happy Birthday! — Clare Driscoll, Acting 
Secretary, Cliff St., Plymouth, Mas!. 02360 

00 

Charles E. Smith of New Haven, Conn., 
died on September 21, 1975 at the age of 
98. “A railroad man to the end," said the 
Boston Globe about the retired vice presi¬ 
dent of the New York, New Haven and Hart¬ 
ford Railroad. 

■'Mr. Smith, a native of Somerville, 
worked his way through school as a special 
delivery messenger for the Somerville Post 
Office. After graduation from the Mas¬ 
sachusetts Institute of Technology in 1900 
ho joined the N.Y.N.H. and H. Railroad as a 
bridge designer. 

"In 1907 he was appointed bridge en¬ 
gineer of the Missouri Pacific Railroad and 
was in charge of the design, construction 
and maintenance of all bridges on 7,200 
miles of track in ten states. After several 
years with the Missouri Pacific he became 
consulting engineer to the city of St. Louis 
and remained there for 12 years. 

"He returned to the New Haven Railroad 
in 1928 and for the next 21 years he was 
simultaneously vice president to assist the 
president, and vice president of the follow¬ 
ing subsidiaries: New England Transporta¬ 
tion Co., County Transportation Co., and 
the New England Steamship Co. 

"He retired from the New Haven in 1949 
and was later named railroad consultant to 
the government of Spain and was retained 
by the World Bank as a consultant for the 
improvement of rail service in Brazil. 

"Mr. Smith served in World War I. During 
World War II he was petroleum procurement 
specialist for the War Production Board. He 
was president of the All Technology Alumni, 
a term member of the Corporation at M.l.T. 
and class agent of the alumni fund. 

"He was awarded a gold medal by the 
American Society of Civil Engineers for 
deep foundation work." — S.F. 

03 

Well, happy cletssmates, our year is near a 


close, and a welcome word from you of per¬ 
sonal activity during the year is urgently 
needed. 

I still keep active and recently gave a talk 
to a crowded audience at the Somerville 
Historical Building on the enlightening sub-_ 
ject of “Somerville 80 Years Ago." I enjoy 
the reports in ow Review on various ways to 
conserve energy. 

Our Happy Birthday celebration for 
Adolph E. Place, December 21, 1876, 
Boulder City, Nevada: and Stanley A. 
Foster, December 29,1876, 254 Foster St., 
Lowell, Mass. i — John J. A. Nolan, 
Secretary-Treasurer, 13 Linden Ave., 
Somerville, Mass. 02143 

08 

We regret to report the passing of another 
classmate, Henry R. Sewell, of Lincoln St., 
Nonwell, Mass., who died at the Stetson 
Manor Nursing Home on October 12, 1975. 
His wife was the late Clair (Welch) Sewell, a 
1910 graduate of Smith College whom he 
survived by about two months. They have 
one daughter, Mrs. Lucie Marshall, of Sea 
Ranch, Calif . A very complete report of 
Henry's work may be found in the May, 1973 
Technology Review. A class get-together 
was held in 1951 at their home in Norwell. I 
took a picture of this event, and left a copy 
with the M.l.T. Historical Collection. 

The Sewells were regular attendants at 
our 08 reunions at the Melrose Inn and 
probably, next to the last of our class to re¬ 
turn to the old Inn at Harwich Port. My wife 
and I were fortunate to be there when Henry 
and Claire were there two years ago. 

Henry was a noted mechanical engineer 
and vice president of the Sturtevent Co. of 
Hyde Park, now a division of Westinghouse. 

A private graveside service was held at 
the Forestvale Cemetery of Hudson, Mass. 
We sent an appropriate gift in memory of 
Claire and Henry Sewell, to the First Parish 
of Norwell. 

Just something of concern. We have two 
kinds of time, standard and fast time. Fast 
time is one hour ahead of standard time and 
starts on the last Sunday of April, and gives 
an extra hour of daylight du(ing the summer. 
Most every home has several electric 
clocks. It is generally simple to push the 
hands of the electric clocks ahead one hour 
for fast time, but often it is difficult to get 
them back to standard time, on the last 
Sunday of October. Here is what I do, for 
this change: when everyone is asleep on 


Saturday night of the change, pull the main 
electric switch that supplies the house, for 
just one hour. When the switch is closed 
again every electric clock will start on 
steindard time. — Joseph W. Wattles III, 
Secretary, 26 Bullard Rd„ Weston, Mass. 
02193 
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We regret to report the death of Alfred 
Hague on October 19 at his home in Pom¬ 
pano Beach, Fla. Our deep sympathy is ex¬ 
tended to his widow, Janet. Al was a very 
loyal member of our class and he and Janet 
attended our five-year reunions regularly 
until our 65th at which time his illness pre¬ 
vented their being with us. He was bom in 
New York City and attended Choate School 
at Wallingford, Conn., before entering 
M.l.T., where he majored in mechanical en¬ 
gineering. In 1910 he became one of the 
early coast-to-coast automobile travelers in 
his Oldsmobile, driving with a friend from 
Boston to Portland, Ore. Al became in¬ 
terested in radio in its early years and went 
to Japan to interest engineers there. While 
in Japan, he climbed the celebrated Mt. Fuji. 
During World War I, he served in England 
from 1917 to 1919. He had a Naval Aviation 
appointment to the Isle of Man, where he 
received his commission. In later years he 
formed his own company in New York State, 
where he developed a widely used ‘coat- 
mg ” for manufacturing and industry. In 1913 
he had been an early visitor to Florida, 
fishing for tarpon off the coast of a small 
community called Miami.-In 1958, upon his 
retirement, he took his motor boat along the 
intracoastal waterway from New York State 
to Florida and settled at Pompano Beach. 
There, he became very active in civic and 
community affairs, which continued until his 
final illness. Besides his widow, Janet, he 
leaves several nieces and nephews. 

On the trip back to their home at Boynton 
Beach, Fla., after our 65th Reunion, Carl 
Lovejoy and his wife Glenna detoured to 
Black Mountain, N.C., near Asheville. They 
stayed for the rest of the summer at an Inn 
which they visit almost every year. The 
scenery and the climate are excellent in that 
part of the state, and Carl says they find a 
very congenial group for bridge. 

The following "1910” men attended the 
fall dinner meeting of the M.l.T. Club of 
Western Maine: Jack Babcock (Secretary 
of the Club), Fred Lufkin and Chet Wilson 
(of Barrington, N.H.). Although we were 
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members of the earliest class in attendance, 
there was one each from the Classes of '11, 
’12, and '13, as well. Apparently, not all 
M.l.T. retirees have left Maine for southern 
climes! — John B. Babcock, Secretary, 33 
Richardson St., Portland, Me. 04103 
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We hope you are beginning 1976 with high 
hopes in your retirement. Fred Lane 
advised us of Marlon Rice Hart's solo flight 
to the MidEast: 

"If you take the federal employees' 
Retirement Life, the October issue cover is 
a picture of Marion Rice Hart, the oldest, 
woman to fly solo across the Atlantic. Quite' 
a few of us will recall her working in the elec¬ 
trical lab with us and as being expert in 
blowing the fuses! Besides this news I have 
little else to say. I guess we have come to 
the point in age where we must give up long 
cross-country drives. So here we stay, at 
home, but still well.” Fred and his wife ex¬ 
pect to be with us at our 65th Reunion for 
two days. 

Edward Jewett reports: “Regarding the 
reunion, I will be unable to attend. I have not 
been in Boston for at least ten years. I am 
still able to keep active locally."... Joseph 
Isenberg sends greetings and "kindest re¬ 
gards.” ... George Wallace reports: “Un¬ 
fortunately for me I am pretty well tied up 
with arthri^ so even if you do have a class 
reunion meeting I won't be able to attend. 
With my kindest regards and best wishes." 

... E. M. Bridge states: “I dislike being far 
from Wakefield and sorry I'll not go to Bos¬ 
ton. Best wishesr' . .. David Stem writes: 
“Maintaining same activity with Rotary, 
hospital, and consulting on a leisurely 
basis.” 

Allen Brewer as usual writes an interest¬ 
ing letter and we quote: “Today we are quite ' 
free from weather tribulations for a change. 
No bad blows, and too little rain, until re¬ 
cently. Now with the chill of autumn in the air 
— 68° this morning — we can rest easy and 
plan on our garden. To fill in my spare time 
aside from collating our West Indies 
stamps, I have written a bit just to keep my 
hand in. My most recent piece appeared in 
the Texaco Stamp Club 'Philatelic Foot¬ 
notes.' Here is a copy which you, Roz, may 
particularly enjoy. It's my tribute to ‘Mothers 
of America' as portrayed by U.S. stamps. It 
seems to fit in nicely with our present 
Women's Year. There is not much other 
news for you folks. We are both in the pink' 
as the saying goes. Had an eye check-up 
the other day. All O.K. with both eyes and 
the contact lens is second nature to me 
now. Maurine is presently in Westchester 
County, N.Y., helping her sister and 
brother-in-law prepare for their permanent 
move down here. They have bought a piece 
of land very close to us and hope to start 
building very soon.” 

Vernon Kay writes: “For those who wish 
it. I do not." ... Charlotte Sage writes: 
“Back in town — more crowded and dirtier 
than ever — but good to be back in harness. 
For the reunion — I can’t imagine old crocks 
like us spending four days — but I do think 
two would be good. Those from far away 
could at least spend a night. I live so near 
that.it is O.K. with me whatever you decide.” 

... Emerson L. Bray is one of our hopeful 
classmates and he repfies as follows: 
“Thanks, George, for your wonderful serv¬ 


ice to our class. Everything is O.K. at Upper 
Darby, Penn. I don't know how you do it on 
such low class dues.” .. . George Bake- 
man, always an enjoyable correspondent 
writes: "Nothing exciting here to report. 
Some asthma and arthritis, but otherwise 
both Mollie and I are in excellent health. 
Some gardening and grass cutting plus 
usual household chores: local driving only.” 

We received a note from Bill Brewster's 
wife, Ellen, advising us that Bill is now in a 
nursing home in Plymouth. However, physi¬ 
cally he is doing fairly well. 

So long for now. We shall give you more 
of the results of the vote for our 65th Reun¬ 
ion next issue. — George Philip Capen, 
Secretary-Treasurer, Rosalind R. Capen, 
Asst. Secretary, Granite Point Rd., Bidd- 
eford, Maine 04005 
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As nothing for this issue has come from 
anybody, I trust that no news is good news, 
and wish everybody a Happy New Year. — 
Charles H. Chatfield, Secretary, 177 
Steele Rd., West Hartford, Conn. 06119 
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Happy New Year! With the hope that you 
and your families have all enjoyed a pleas¬ 
ant holiday season. 

With the frightful and tragic conditions in 
Lebanon, I wonder what has become of our 
classmate, Bahjat Abdulnour. After 
graduating In Course IV, he returned to his 
native Beirut and developed a successful 
business in architecture and building and 
road construction. In the spring of 1971 he 
sent me an interesting booklet with pictures 
and descriptions of many of the jobs he had 
don'e, several tor American firms. Some of 
his old Course IV friends wrote him and I 
sent folders, pictures and catalogues of the 
new M.l.T. for him to see the changes. But, 
it all stopped suddenly — a pity!.. . Frank 
Boynton is living comfortably at a nursing 
home in Alhambra, Calif. .. . Henry Daley 
says he is sorry that old age has prevented 
his attending the last few class parties. All 
the best to you, Henry, for comfort and good 
health — we’re all simply getting older!. .. 
I've seen Wayne Bradley often lately, and 
he continues, remarkably, a “ball of fire.” I 
hope he can keep it up. — Azel W. Mack, 
Secretary, 100 Memorial Dr., 2-6A, Cam¬ 
bridge, Mass. 02142 
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Our best wishes to all of our classmates for 
a very happy and healthy new year. 

This is the year of our 60th Reunion, and 
reservations have been made at the 
Chatham Bars Inn for June 1 to 3. This 
again is on Tuesday through Thursday so 
that we can avoid the weekend travel crush. 
Alumni Days in Cambridge begin Thursday 
night with Tech Night at the Pops; and the 
all-day program is Friday, June 4. We an¬ 
ticipate an excellent attendance at both; 
and if there is anything we can do to help in 
plans to attend, let us know. 

Hank Smith writes his thanks for the pic¬ 
ture of the '16ers who attended the 1975 
reunion. ”1 wish I could have been there," 
he writes, “but it is a very difficult trip to 


Chatham, Mass., from Lakewood, N.J. 
However, I hope — and really expect — to 
be able to make it for the big 60th next year. 
My wife, Dorothy, passed on in January, 
1972, and since then I have been living 
alone (not much fun) in the house we 
bought here in Leisure Village, Lakewood, 
N.J. I guess I'll wind up my career right 
here, for a move- is not in the cards." ... 
Maury Holland recently wrote that he was 
to attend a three-day meeting of the Policy 
and Planning Committee of the Industrial 
Research Institute of which he is a founder, 
in Cincinnati. One of the matters under dis¬ 
cussion was a visit next spring of 40 to 50 
I.R.I. representatives to Japan. Ten mem¬ 
bers of Japan's I.R.I. group attended the 
meeting in Cincinnati to study small tech¬ 
nologically-based venture capital com¬ 
panies, mostly I.R.I. companies. An interest¬ 
ing sidelight to Maury's trip was an oppor¬ 
tunity to visit with his son, who evidently 
takes after his father. "Sonny flies down 
from Bloomington — his second year train¬ 
ing on cross-country — and flies me back to 
Bloomington after the weekend with him.” 
You may recall that Maury was one of the 
pioneer pilots in World War I. 

We were happy to hear from Jap Carr, 
but concerned by his note that “I got mixed 
up and find I made a reservation on the 
Auto-Train coming north on June 0, and am 
afraid this will conflict with the Reunion 
dates. But Hildegarde and I are looking for¬ 
ward to the Reunion, and possibly we can 
fly to Boston for the Reunion and back to 
Florida for the Auto-Train trip north for the 
summer.” ... Joe Barker recently resigned 
as our Class Agent and Class Estate Sec¬ 
retary, and fortunately for us Jap has gra¬ 
ciously agreed to accept this responsibility. 
Let's give Jap the same wonderful response 
that we gave to Joe's leadership during his 
many successful years. 

We are pleased to know that Ruth Kemp 
is well and again living in Wellfleet. You will 
recall that she and Emory retired to Florida, 
and shortly before Emory's death last June 
they made the decision to return to 
Wellfleet. ... We've had a couple of con¬ 
tacts with Harold Dodge and we re pleased 
to report that he and Grace are well. He sent 
us the notice on Merrick Monroe, who died 
on April 3,1975; he was associated with the 
Duval Separator Co. and the Ohio Pattern 
Works and was retired as an industrial 
specialist with the Small Business Adminis¬ 
tration in New York City. Harold also notified 
us that Earl Mellen passed away on 
November 3, 1975. We send our sincere 
sympathy to their loved ones. 

Please keep writing: your classmates 
look fonvard to reading about you. — Ralph 
A. Fletcher, Secretary, P.O. Box 71, West 
Chelmsford, Mass. 01963 
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Our 56th Reunion at Northfield, Conn., in 
October was declared a happy one. The at¬ 
tendance was a record 30 men and 23 
ladies. This total of 53 was significant com¬ 
pared with our past averages of 33. Also 
remarkable was that 91 men out of 159 on 
our active mailing list returned the post 
cards. 

The weather was good, the foliage 
superb, the boat trip on the Connecticut 
River fun, though chilly. Stan Lane brought 
lovely dahlias from his garden to decorate 
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Class of 1917, 58th Reunion at Northfield, Conn. 


the tables, and showed his 1961 movies of 
the Canadian Rockies, as well as some 
slides of '17ers taken from the 1918 
Technique. He also gave the treasurei;'s re¬ 
port, which indicated the need for some 
■'dues” payments in view of current ex¬ 
penses and anticipated ones for our 60th 
Reunion. Of course as class photographer 
he showed pictures of past reunions and 
took new ones. 

We were particularly happy to have Hon¬ 
orary Members Jay and Kay Stratton and 
Don and Phyl Severance with us again. Don 
gave an interesting talk on the Tech of the 
past and present. His slides of our ‘olden 
days" provoked happy recollections. His 
emphasis was that Tech then and now is 
people. 

The distance record for attendance went 
to Helen and Jack Wood from San Diego, 
followed by Dutch Neumann from Des 
Moines, with Frank Peacock from Chicago 
as third. Edna and Brick Dunham prepared 
the name tags once again. Helen and Frank 
Butterworth duetted at the piano again and 
there were a few dancers. Our Banquet so¬ 
cial hour was interrupted by the entrance of 
four individuals in Arab dress. They were 
finally identified as Christine and Walt Bea¬ 
dle and Pat and Bob Erb who had recently 
returned from an Argonaut cruise. 

At our business meeting, Ray Stevens as 
Estates Secretary gave a report related to 
the current M.l.T. Leadership Campaign. 
The three 1917 Funds were updated. The 
Memorial Fund had income of $6,020, 
which (being undesignated) was applied to 
the Sailing Pavilion Program. The Aldin 
Fund had income of $5,285 which will assist 
three students this year. The 1917 Loan 
Fund, which originally had $3,038, is now at 
zero since the sum was loaned to the stu¬ 
dent Chi Kuan Wu, grandson of P. Y. Hu 
and repayment has not yet begun. This fund 
is for loans to any descendant of a member 
of the class. 

Those attending the reunion besides 
those already mentioned were; Rom and 
Phil Crlstal, John DeBell, Jeanette and 
Stan Dunning, Laura and Al Ferretti, 
George Henderson, Sally and John Hol¬ 
ton, Doris and Bill Hunter, Betty and Ken 
Lane, Helen and Stan Lane, Midge and 
Dick Loengard, Al Lunn, Mona and Walt 
Lyon, Claire and Tom Meloy, Alice and 


Will Neuberg, Jess Rogers, Dorothy (Mrs. 
Ralph) Ross, Clarence Seely, Rose and 
Haig Solakian and their two daughters, 
Katherine and Ray Stevens, Dad Wenzell, 
and Elizabeth and Dusty Wilson. — Stan¬ 
ley C. Dunning, Secretary, 6 Jason St., Ar¬ 
lington, Mass. 02174; Richard O. Loeri- 
gard. Assistant Secretary, 21 East 87th St., 
New York, N.Y. 10028 
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Serendipity — that is the name of the game 
for this batch of 1918 news. About a month 
ago class agent Julie Howe and I were dis¬ 
cussing Fred Lehman’s report of the Alumni 
Fund for last year. We noted that 1918 was 
credited with more than $300,000 for the 
year ending June 30, 1975 — well over ten 
times the normal annual gifts from our class. 

I started an investigation at M.l.T. head¬ 
quarters — it revealed the fact that Carl 
Lindgren, Jr. had left over $300,000 in his 
will to our Alma Mater. There was no further 
information except the official legal trans¬ 
mission of the funds by the attorney for a 
Philadelphia bank. The Alumni records 
showed he was a regular contributor to the 
Alumni Fund and that he had been em¬ 
ployed by the Atlantic-Richfield Co. Through 
contacts at A.R.C. we were able to glean 
that Carl started as a draftsman for them in 
the early twenties and retired as a project 
engineer about ten years later. He never 
married. I wrote three ’18ers in the 
PhiladelF>hia area to see if we could find out 
more about Carl — and I am grateful to Ken 
Pote, Mai Baber, and Dave McFarland for 
their efforts as per the letters from them. 
They found that Carl lived with his sister in 
Havertown, Penn., and that his work con¬ 
cerned heat transfer problems. I would like 
any of you who knew Carl — and his life in 
Philadelphia — to write me any information 
about his church and social or philanthropic 
interests. 

Dave McFarland writes: "I am somewhat 
handicapped at the moment with eye prob¬ 
lems, so that my drivirig range is limited. I 
had a cataract operation last November and 
will likely have another one before long. 
Otherwise I am in good shape physically 
and could almost get down to my old wres¬ 
tling weight of 129 pounds. I keep in shape 


by being a one-acre farmer and taking care 
of a good-sized lawn. I am sorry that Boston 
is so far away that I cannot get back to any 
of the Institute functions. I am allergic to city 
driving and would be lost around Boston. 
Last time I was there was to see my daugh¬ 
ter, who lived off of Joy Street on Beacon 
Hill. Then I had to have a pilot to get me 
around that section to deliver some things to 
her apartment.” 

Malcolm Baber writes: “I think I wrote 
you before that Bill Wyer was in poor 
shape. He was unable to attend our class 
dinner (Yale) last spring. Sorry to miss the 
Mini-Reunion. My best wishes to all.” 

Here is another adventure in serendipity. 
In the October/November 1918 notes we in¬ 
cluded an Item from Wendell Monroe as 
follows: "Is there any scientific evidence 
that a person has a life after death?” We are 
indebted to Sumner Wiley and Reverend 
Fred Philbrick, President of Florida State 
Spiritual Ministerial Assoc., for replies to 
Wendell's question. 

Fred writes: "The last time I saw Wendeil 
was in San Francisco. He was at that time a 
consultant for the San Francisco-Oakland 
rapid transit system. I am sure that I can 
give him the answer he desires, if he will 
approach the subject with an open mind. 

"I have been a student of psychic matters 
for approximately 20 years, and have found 
It most interesting and satisfying. I tried to 
talk to Leonard Levine about the subject 
when we were at Chatham during the 50th 
Reunion. He told me blankly that he did not 
believe me and indicated that he thought I 
was 'nuts,' so I did not pursue the matter 
further. As you may know, some qf our 
greatest scientists were convinced of 
psychic phenomena and the authenticity of 
many of the mediums.' I have witnessed 
many psychic demonstrations which cannot 
be explained by any of our basic laws of 
physics or chemistry. Some day we will 
learn the truth about these things, and won¬ 
der at our present ignorance.” 

Sumner writes: "I was distressed about 
Wendell Monroe's question. 1 haven't the 
answer but would like to send him a note. 

"You asked about the health of that 
beautiful begonia that the Wiley's acquired 
(by chance) at the Endicott House a year 
ago. It is bigger and more luxurious than 
ever right now. We have it at a south win- 
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dow in our living room after a summer in the 
garden outside. It is covered with blos¬ 
soms." 

Len Levine writes "The Mini-Reunion 
was the best ever. I was quite surprised and 
pleased when you flashed my picture on the 
screen (when I had hair). I also greatly en¬ 
joyed a 20 minute chat with the ex-president 
of the Institute. I never had the opportunity 
of meeting him but he was delightful. Thank 
you very much for the picture. I recently 
read in the obituary column that the wife of 
Wingate Rollins died some time during the 
week of October 27 to 31. I met the two of 
them at the Pillar House about a year ago 
and she looked very sick then." 

A brief item from Charles Dimock: 
“Bachelor, eat in my apartment and get the 
Globe tor news, comics,^crossword puzzles, 
etc. Find a challenge in the latter and follow 
baseball, football and hockey on radio and 
TV, Boston teams of course." 

We are happy to report that Sax Fletcher 
is making steady improvement in his health 
after a heart set-back in July. He will be 
happy to receive a cheerful message at 
Fletcher Hill, Greenfield, N.H., 03047. — 
Max Seltzer, Secretary, 60 Longwood Ave., 
Brookline, Mass. 02146; Leonard Levine, 
Assistant Secretary, 519 Washington St., 
Brookline, Mass. 02146 
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A nice note from George Michelson — 
“The enclosed note on the death of Bill 
Banks will no doubt interest you, and I am 
sorry to be the bearer. As for myself, I keep 
going, am still on the job every day, and 
keep my hand in communal affairs. Only re¬ 
cently we moved to an apartment for easier 
living and fewer responsibilities. It has 
worked out very well after the trauma of dis¬ 
posing of the accumulation of many years." 

Madeline W. Banks, Bill's widow, also 
wrote of her husband's death on September 
28: “He had not been well for ^metime but 
was able to lead a normal lazy life. During 
the past few years we have spent quite a bit 
of time in Bermuda and on Cape Cod, where 
we had a very pleasant summer. After a 
short visit in the hospital the end came 
rather suddenly and very peacefully. I re¬ 
member so pleasantly our visit with you in 
Florida several years ago, a dinner party 
with you and your wife and a rather gay af¬ 
fair with Mary and Arkley Richards. Won¬ 
derful memories." 

The newspaper report stated that William 
H. Banks, age 78, died September 28 at 
Portsmouth, N.H,, Memorial Hospital. He 
was retired President and Chairman of the 
Board of Macallen Co. of Newmarket, N.H., 
manufacturers of mica components for in¬ 
dustrial machinery. He was a member of the 
Federal Fire Society of Portsmouth, a 
50-year member of Prospect Lodge of Ros- 
lindale. Mass., and a member of the Board 
of Directors of Portsmouth Memorial Hospi¬ 
tal. .He left his wife, one son, and three 
daughters. 

The latest list of '19 members still living 
shows 163. Your secretary plans to send 
out around 20 return cards for each issue in 
an attempt to get news from as many of our 
class as possible this coming year. Please 
send in the return card with something 
about yourself or other classmates. Best 
wishes for 1976 to the class. — E. R. 
Smoley, Secretary, 50 East Rd., Apt. 11E, 
Delray Beach, Fla. 33444 
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A happy and healthful New Year to you all. 
The accompanying picture of our reunion 
group was taken by Al Burke as we disem¬ 
barked from the cruise launch that took us 
around Boston Harbor, before our Pier 4 
class dinner. See how many you can iden¬ 
tify or, if stuck, ask me for a listing of names. 

Welcome word from Dusty Miller of 1019 
W. Mission Ln., Phoenix, Ariz., tells us that 
the Millers are still traveling the world, re¬ 
cent countries include Egypt, Turkey, Israel 
and Mexico. Dusty related the good news 
that Skeetz Brown is in somewhat im¬ 
proved health. He commends the success 
of Al Burke and Perk Bugbee in attaining 
such a high percentage of Alumni Fund par¬ 
ticipation. 

Jim Wolfson writes to announce the birth 
of a grandson, Adam Jay, in California, 
which gives him and Gertrude an excuse for 
visiting the West Coast. Speaking of 
California, while visiting our daughter there 
we had an opportunity to have a telephone 
visit with Toots Kinghorn who is at 26392 
Isabella Ave., Carmel Point, delightfully 
situated for a glimpse of that beautiful Car¬ 
mel Beach and Bay. Toots and Elvira were 
chipper and enjoying good health and the 
good life. 

John DeMeulanaer of Dorchester, 
Mass., expresses himself succinctly in just 
two words, “happily retired." ... George 
Wilson writes, “Since my wife, Ruth, died, I 
have been keeping active with several re¬ 
tired senior citizens' groups — bowling, 
traveling, etc. and keeping up my main hob¬ 
bies of mineral collecting, bird watching, oil 
painting and metal detecting. Never a dull 
moment," says George. 

From Rollins College, Winter Park, Fla., 
comes word from the president that the 
board of trustees has named Ed Burdell 
Dean Emeritus of the College and Professor 
Emeritus of Sociology: “In recognition of his 
distinguished service to Rollins College in 
particular and in gratitude for his leadership 
in American and international higher educa¬ 
tion." A further honor to this distinguished 
educator who has done so much to add lus¬ 
ter to our class is his membership in the 
Book-A-Year Program, the result of an 
anonymous gift to the College which pro¬ 
vides for purchase by the library of a book 


each year in which Ed's nameplate will ap¬ 
pear. Speaking for the class, we offer heart¬ 
iest congratulations for these signal honors. 

Francis Sears died on November 12 in 
Hanover, N.H. He was Appleton Professor 
of Natural Philosophy Emeritus at Dart¬ 
mouth College, and had served as Chair¬ 
man of their physics department. He held a 
master of science degree at M.l.T. and 
taught at the Institute for 30 years before 
going to Dartmouth in 1955. Distinguished 
for his prolific work as the author of elemen¬ 
tary and advanced physics textbooks, his 
Principles of Physics sold millions of copies 
all over the world. With the noted physicist, 
Peter Debeye, he discovered the phenome¬ 
non known as the Debeye-Sears effect, a 
physical property of light involving the in¬ 
teraction of sound waves and light waves in 
transparent material. Professor Sears was a 
Fellow of the American Physipal Society 
and was President of the American Associa¬ 
tion of Physics Teachers and, later, treas¬ 
urer of the association. He was a member of 
the Optical Society of America and the 
American Society for Engineering Educa¬ 
tion. He is survived by his wife, Mildred. 
Francis' educational achievements were 
much admired by his classmates. He was a 
consistent and generous donor to the 
Alumni Fund, a distinguished and loyal 
classmate. He will be missed by us all. 

As these notes go to press, a very pleas¬ 
ant phone call was received from "Pink" 
Salmon. '26, to tell about his recent visit to 
K. B. White at his castle home near Paris, 
France. Pink assures us that K. B. hasn't 
changed a bit. Still exceedingly active, he 
was about to conduct a two-week manage¬ 
ment seminar. He and Denise showed the 
Salmons around their fabulous Chateau 
d'Arthies, crammed with magnificient an¬ 
tiques and surrounded with extensive and 
beautiful gardens. It is good news, indeed, 
that our popular classmate and his charm¬ 
ing wife are in good health and continue 
their active and productive life. We salute 
them! — Harold Bugbee, Secretary, 21 
Everell Rd., Winchester, Mass. 01890 
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Two good letters came in from Marianne 
and Grant Miner of Los Altos, Calif., in early 
October. Quoting Marianne: "We have been 
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mired in Intensive domesticity —«vallpaper- 
ing, painting, 'installing new kitchen 
cabinpts, sink, and a gay, thick wonderful 
rug in the kitchen. " Grant; "That was my 
swan song — no more construction projects 
for me. However, Marianne said it was 
worth living with me for 43 years to get that 
carpet. Now she cooks in her bare feet." 
Grant is continuing to hunt for more informa¬ 
tion about his kinsman, Billy Miner, the 
highwayman. In this search he recently 
dropped in at the Wells Fargo Bank History 
Room in San Francisco and came home 
with a copy of "Old Time Stage Coach 
Hold-ups." The article relates how stage 
coach robbers generally led short lives, but 
Billy Miner was an exception. "Holding up 
his first stage in Texas at the age of 17, he 
held up an express train in Georgia at 70, 
covering over 50 years of deviltry.” But in all 
those years, he never shot a man. What a 
kinsman I Grant goes on to tell that he is 
doing some consulting work for the Zenitaka 
Corp., but with no construction planned for 
the immediate future. He had a recent letter 
from John Burr Starkweather, "22, who told 
about falling off a ladder while painting the 
side of his cottage on Friday, June 13, and 
crushing his right shoulder. However, John 
is back playing golf again. 

In a recent telephone call, Helen St. 
Laurent reported she was back in Man- 



Warren Henderson's, '33, recommendation 
for the M. I. T. Fiesta was in the form of these 
pictures from last year. "Some of our more 
intrepid alumni attempted roping the wild 
bull," he said; while others watched and 
ate fine paella at La Morena, the bull fight 
restaurant. 


Chester, Conn,, after her summer in Maine. 
Late in October she attended the M.l.T. 
Club meeting in Portland, Me., with Theona 
and Al Genaske. She informed me that 
Graciela and Heller Rodriguez had an auto 
accident south of Sayannah while they were 
returning to Florida. The rear end of their 
car was smashed; fortunately, neither of 
them was hurt. The driver of the other car 
was a 17-year-old girl, driving barefoot. The 
accident held them up six days; they sold 
the wreck of their car and rented another to 
get home to Tampa. 

Helen asked for the address of the Bill 
Roses. My last address is Peterborough, 
N.H., but Helen thinks they moved to North 
Carolina. How about it, Bill? 

Samuel Lunden, our Assistant Secre¬ 
tary, wrote that in September he and Leila 
took a Mediterranean cruise on the Oceania 
out of Southampton, stopping at Athens, 
Kos, Istanbul, Palma and Lisbon. On their 
return to England they visited Plymouth as a 
part of their celebration of the Bicentennial 
year. With Plymouth as their home base 
they toured the South Coast including 
Devon and Cornwall. Since Plymouth was 
such a beautiful spot, Sam wrote, it was 
hard to understand why our Pilgrim fathers 
(even under persecution) left Plymouth for 
the hardships of a strange land. 

I am sorry to report the death of our 


Come to the Fiesta! 

The M.l.T. Club of Mexico City has cor¬ 
dially invited all alumni to attend its an- 
■nual Fiesta in Mexico on March 11, 12, 
and 13 — the 28th of a famous series of 
travelogue entertainments. 

President Enrique Garci'a-Corona, 
"66, has released the tentative program 
and has asked prospective attenders to 
€tddress the club for details: Apartado 
Postal 31, Fracc. La Florida, Estado 
de Mexico, Mexico, or telephone 
562-17-73. 

Plans Include the traditional get- 
acquainted luncheon at the University 
Club, colorful market tours, a guided trip 
to Teotenango in Tenango del Valle, 
the latest archeological discovery, with 
luncheon at Jajalpa, the home of Hector 
Orozco, "45, and Mrs. Orozco. Modem 
life will be encountered at the Bazaar 
Sabado and there will also be time for 
visitors to do their own sightseeing. A 
secret event — a Great Kermess — has 
been added as a surprise ending for the 
Fiesta. 

The cost is $130 per person including 
three meais and transportation to all 
events. Alumni from classes of 1950 and 
later have been invited as guests in the 
homes of Mexican alumni. 

A four-day post-Fiesta tour at an addi¬ 
tional $t50 will include the gorgeous 
colonial capital city of Morelia, the 
nearby lacquerware center of PAtzcuaro 
and the lake of the same name where 
natives in pirogues wield picturesque 
butterfly nets off the island of Janitzio to 
catch tasty pesca blanca. — Carole A. 
Clarke, "21, Executive Secretary-U.S.A., 
M.l.T. Club of Mexico City, 608 Union 
Ln., Brielle, N.J. 08730 


classmate, Arthur W. Morse of Stamford, 
Conn., on March 7, 1975. The sympathy of 
the class is extended to his family. — 
Sumner Hayward, Secretary, 224 Richards 
Rd., Ridgewood, N.J. 07450; Josiah 
Crosby, Assistant Secretary, 3310 
Sheffield Cir., Sarasota, Fla. 33580; 
Samuel E. IrUnden, Assistant Secretary, 
Lunden and Johnson, 453 South Spring St., 
Los Angeles, Calif. 90013 

22 

It is hoped that we may boast occasionally 
about Buffalo weather, which aliowed us to 
play golf up to the middle of November 
under clear sunny skies. ... Abbott John¬ 
son has written from Muncie of golfing at 
Crystal Downs Country Club, Crystal Lake, 
Michigan. His description of the lakes, roll¬ 
ing countryside, and-woodlands is musical 
and makes you want to come. He also in¬ 
vites us to play at Muncie's Delaware Coun¬ 
try Club. He will be in Phoenix Towers, Ariz., 
until April 15 and welcomes classmates 
anytime. 

The floating bridge off Seattle which 
Horace W. McCurdy built years ago is pic¬ 
tured on sugar packages in many restaur¬ 
ants. Mac writes that he and Katherine have 
put away their yacht. Blue Peter, and will 
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spend the winter in the South. They recently 
gave a new fiberglass eight-oared shell to 
the Institute. . . . G. Dewey Godard reports 
76 years of good health and finally a 
five-week trip to the Salem Hospital. He is 
now O.K. under restrictions. . . . Dwight F. 
Johns of Oakland, Calif., reports that he 
finally has a great-grandson to play with his 
4-year-old great-granddaughter. 

Francis J. (Pat) Laverty retired in July, 
1965, as Superintendent of Public Works in 
Ithaca, N.Y. He also retired as Lieutenant 
Colonel of the Air Force. After some health 
problems in late 1972, he moved to Boulder, 
Colo., in July, 1973, and has felt greatly im¬ 
proved. ... Martha Elseman Munzer 
taught a teacher's workshop at the Univer¬ 
sity of New Mexico this past summer and Is 
now teaching a course at the Mamaroneck 
High School on community development. 
She is on the Board of Conservation Advis¬ 
ory Commission for her town and is Chair¬ 
man of the Village Land Use Study Commit¬ 
tee. Martha has always enjoyed being busy. 

Vernon Whitman of Rochester comes to 
Buffalo periodically with his wife to visit her 
sister who lives in our apartment building. 
Knowing of our M.l.T. relationship, they in¬ 
vited us all to dinner a few weeks ago. Ver¬ 
non announced that Bill Elmer would be 
visiting him soon while giving a Colloquium 
at the University of Rochester Institute on 
Optics entitled; “Optics of Reflector De¬ 
sign.” Bill is our talented classThate 
specializing in music, history, and other 
fields that he fancies interesting. He calls 
himself an educated blacksmith as he re¬ 
views his book. The Optical Design of 
Reflectors. 

Bill writes: The book "is a codification and 
compilation so to speak of my many years 
as a consulting reflector designer. I have 
worked with a very great many companies, 
both great and small, and designed 
reflectors for lights that have been used on 
miner's hats, in the depths of the ocean, and 
on the surface of the moon. It seems re¬ 
markable to me that there is no discovera¬ 
ble volume on this subject anywhere in the 
world, and even more remarkable that there 
seems no likelihood of a competitor in the 
near future. The book, which I wrote so that 
all the lore I learned and devised in my work 
would not become a lost art, has had a cheq¬ 
uered career. It was rejected by all the pub¬ 
lishers I could think of, about 18 or 20 in 
number, so I proceeded to 'publish' it my¬ 
self and to sell it in Xeroxed looseleaf fonn 
in pretty stiff covers. The result has been 
electrifying, to me at least: I have been sell¬ 
ing it all over the world, from Australia to 
Barcelona. Such serendipity!” We are sure 
he has a great future for us all to applaud. 

Our notes on changes of address have 
disappeared, but our notes of sympathy 
have increased. We are sorry to report the 
death of Arthur L. Flanders in September. 
He was bom in Lowell and settled in Hous¬ 
ton, Tex., in 1930. He is survived by six 
grandchildren, one son, one daughter, and 
one great grandson. Our sympathy has 
been extended to Hazel. — Whitworth 
Ferguson, Secretary, 333 Ellicott St., Buf¬ 
falo, N.Y. 14203; Oscar Horovltz, Assistant 
Secretary, 3001 South Course Dr., Pom¬ 
pano Beach, Fla. 33060 
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Norman Weiss of Tucson, Ariz., was des¬ 


ignated a Distinguished Member of the So¬ 
ciety of Mining Engineers of the A.I.M.E. 
“The distinction is bestowed for outstanding 
or notable contributions to the technology or 
professional activities encompassed by the 
Society ..." The installation took place at 
the Minerals luncheon of the society on 
September 12, 1975, in Salt Lake City, 
Utah. We congratulate you. Norm, on this 
well deserved recognition!... We hear that 
Howard A. Lockhart of Haverhill, Mass., 
has been most active in many community 
activities. A past president of the Haverhill 
Rotary Club (1961-1962) he served as sec¬ 
retary of that club for lOV* years. He was 
honored as a Paul Harris Fellow, the first 
award in the 62-year history. Retired now 
for some ten years, Howard still operates as 
a public utility consultant. 

Although post-retirement awards have not 
come my way, I too have been active this 
past winter and summer as a consultant in 
the ball- and roiler-bearing field. My last job 
was as a consultant to the Magnavox Co. of 
Fort Wayne, Ind., on the bearing require¬ 
ments for their shipboard terminal equip¬ 
ment for the communications sateilite sys¬ 
tem. It seems that this system of communi¬ 
cations can be a real money-saver for reli¬ 
able radio contacts ship-to-shore and vice 
versa. 

We are extremeiy sorry to learn of the 
death on August 26, 1975, of Samuel T. 
Dubitsky, architect, of Barrington, R.l. Sam 
was bom in Fall River, Mass., and lived 
there for much the greater part of his life. 
After graduating with us, he was an ar¬ 
chitect for more than 50 years and designed 
the first science building at Brandeis Uni¬ 
versity in Waltham. Other buildings he is re¬ 
sponsible for include Temple Beth-EI, the 
Ziskind Auditorium, the Congregation Adas 
Israel Synagogue, the Jewish Home for the 
Aged and the Tansey School, all in Fall 
River. He is survived by his widow, a son. 
Judge Ira Dubitsky; and two daughters, Har¬ 
riett of Miami, Ra., and Sylvia of Barrington, 
R.l. —Thomas E. Rounds, Secretary, 990 
A Heritage Village, Southbury, Conn. 06488 
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We regret to report the death of Simon Klr- 
shen on October 24, 1975, In Brookline, 
Mass. Cy was a little older than our aver¬ 
age, and was in the Coast Artillery in 1918. 
He earned his S.B. in general engineering 
and spent some years with the Mas¬ 
sachusetts Department of Public Works, 
eventually establishing his own office as a 
consulting engineer in Boston. He was a 
member of Sigma Omega Psi, the Electrical 
Engineering Society, and Massachusetts 
State Engineers Association.- 

George Riegl passed away on June 24, 
1975, in Carmel, Calif. He was born in 
Czechoslovakia and received his degrees 
at the Technical University of Prague, at¬ 
tended University of Chicago, and spent 
one year with us. In 1945, he became Direc¬ 
tor of Engineering Services in the Pittsburgh 
office of Czechoslovakia Metallurgical 
Works. He wrote a number of articles on 
engineering-management-distribution prob¬ 
lems. 

We overlooked an April report on the 
death of Gordon Wheeler in Troy, Ohio on 
March 18, 1975. Gee lived in Boston and 
prepared at Chauncy Hall School. His de¬ 
gree was in business administration and he 


was a member of Alpha Tau Omega, 
WoopGaroo, Baton, Musical Clubs and cir¬ 
culation manager of Voo Doo. In 1948 he 
was with the Sentry Company, Foxboro, 
Mass., but later was District Representative 
forC.I. Hayes, Inc., LaGrange, III. 

The Class regrets the loss of these mem¬ 
bers and extends its condolences to mem¬ 
bers of the respective families. 

On a happier note, Paul Blampled writes: 
“After completing three trips around the 
world, I am staying in the U.S. (Squantum, 
Mass., in summer and Boynton Beach.'Fla., 
in winter) Inflation and widower state are 
factors. Although retired from Jo^ns- 
Manville for seven years. I'm still invited to 
sales meetings. Terrific — old friends and 
expense account. A retiree misses them 
most!” 

Maurice T. Crowell sends a note, appar¬ 
ently from Milwaukee, Wis.: "I continue to 
play golf three or four times a week at my 
homo course here, Tripoli Country Club. In 
the winter we usually alternate each year for 
two or throe months in Florida or San 
Diego.” 

Luis A. Ferre, former governor of Puerto 
Rico and life member of the M.l.T. Corpora¬ 
tion, has been named new Chairman of the 
Council for the Arts at M.l.T. by President 
Wiesner. He succeeds Paul Tishmap, the 
noted New York collector of African art, who 
was the Council's chairman since its incep¬ 
tion in 4971. Paul had not wanted to resign 
untii a strong and dedicated successor was 
found. 

Herb Stewart, George Knight and your 
scribe attended the Alumni Advisory Coun¬ 
cil on November 3, which marked the be¬ 
ginning of the Association's efforts to de¬ 
termine how the Alumni couid work more 
productively to meet M.I.T.'s financial goals 
and its commitment to relevant, superior 
education in science and engineering, 
management, economics and architecture. 

M.I.T.’s athletic facilities are being used 
this year by more people than ever before in 
the history of the Institute. One of the goals 
of the Institute's Leadership Campaign for 
$225 million in private support is a center 
that would house an indoor skating rink, re¬ 
placing the existing outdoor rink, a field 
house and a special events center for com¬ 
mencement, alumni convocations and other 
large gatherings. 

Class treasurer, RayiLehrer, returned 
from ten days in Russia on October 28. He 
stayed in two of the finest hoteis in Moscow 
and Leningrad, found them clean, food 
good, but the menu limited. There appeared 
to be no unemployment and the people 
seemed content. Fortunately, Ray missed 
the heavy snow storm that buried the foliow¬ 
ing group. Your secretary must comment 
that he found conditions quite the reverse 
during his eight months in 1930, living in 
Kharkov in the Ukraine. — Russell W. 
Ambach, Secretary, 216 St. Paul St., 
Brookline, Mass. 02146; Herbert R. 
Stewart, co-Secretary, 8 Pilgrim Rd., 
Waban, Mass. 02168 
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It may seem rather late to report further on 
the 50th Reunion, but those who could not 
attend may be interested to hear of the 
many M.l.T, people who joined us. Many 
representatives of the M.l.T. administration 
were with us, and officers of the Alumni As- 
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",.. the nuts and tmlts aspects of this 
business," he called it when C. George 
Dandrow, '22, consultant to the Northeast 
Lathing and Plastering Promotional 
Bureau, Inc., brought a team of 
lath-and-plaster experts to the Department 
of Architecture last fall. In two days of 
demonstrations, members of Boston 
Plasterers' Union No. 10 showed students 
how lath and plaster work — and gave 
classes in building construction a chance 
to try it for themselves. "Nothing can 
replace quality materials," said Mr. 
Dandrow, "even In a country whose 
economy seems more and more to be built 
on planned obsolescence." The photo 
below shows Mr. Dandrow (second from 
the left) standing with Professor Albert G. 
H. Dietz, '32 (second from the right), with 
industry representatives and the exhibit 
which they brought to Professor Dietz's 
M.l.T. classroom. (Photos: Roger N. 
Goldstein, '75) 



' sociatlon attended also. In addition, two 
friends known to many of our classmates 
accepted our Invitation and were present at 
the banquet. Professors Raymond Doug¬ 
lass and Karl Wildes added much to the en¬ 
joyment of the occasion and we are indeed 
grateful for the opportunity to meet with 
them after so many years. 

Evelyn and I had a most enjoyable visit to 
the British Isles. After seeing some of Scot¬ 
land we toured through parts of southwest¬ 
ern England and portions of Ireland. We had 
some time in London but the stay there was 
much too short to accomplish all we de¬ 
sired. 

The Boston Herald-American, (Novem¬ 
ber 7, 1975), carried the notice of the pass¬ 
ing of Malcolm S. Blake. Mai was bom in 
Newton, Mass., graduated fro)h Bowdoin 
College in 1924, and joined us at M.l.T. for 
the final year. He received his S.B. from 
Course IV. He was with the National Fire 
Protection Association in Boston before 
going with the Bethlehem Steel Co. by 
whom he was employed in an executive 
capacity for 25 years before retiring in 1965. 
Since that time he has resided at 233 River 
St., Norwell, Mass. Mai leaves his wife, 
Constance (Bailey) Blake, two daughters, a 
brother and a sister. 

Word of the death of John Albert Car- 
nagey in Badin, N.C., on September 20, 
1975, has just arrived. John got his M.S. in 


chemical engineering with the Class of 
1925. 

The full cooperation of you is necessary if 
these notes are going to be newsy. Let's 
hear from you soon. — F. Leroy (Doc) Fos¬ 
ter, Secretary, 35 Woodland Way, P.O. Box 
331, No. Chatham, Mass. 

26 

“About that Nor'easter. We old timers — the 
ones with Stockholm tar in our veins — call 
it a Nothe-easter," says John Drisco, '27. 
“I'm told by ‘them as has been there' that to 
avoid confusion between the two compass 
directions, especially with the wind howling 
and sails slatting, it was Nor'west — but 
Ndthe-east. In between was just plain 
Northe." 

We wonder if perhaps John with his Maine 
heritage may be recalling the sea terms 
from down east. We have an old (1936) Sea 
Scout manual and quote from it, “Now I 
suggest that we use the short sea-going 
pronunciations: Nor for the North, Sou for 
the South, etc.” 

A little local research from Capt. Bibb Hil- 
lier, dean of local lobstermen and the one 
always quoted by the Gloucester Times, 
has settl^ the question; John was unques¬ 
tionably correct with “Nothe" as relates to 
the New England coast. However, when 


sailing on a Canadian fishing boat, Capt. 
Hillier found that the Newfoundlanders al¬ 
ways referred to Nor'east winds. But we are 
New Englanders, and from now on it's 
Nothe-east! 

During,the week of November 7 class¬ 
mates Chenery Salmon, Bob Dawes, Bill 
Meehan, Don Cunningham (chairman) 
and your secretary gathered to finalize our 
50th Reunion plans. Joe Martori of the 
Alumni Office was our mentor. Our host for 
dinner was Warren Seamens of the M.l.T. 
Historical Collections, a place you must in¬ 
clude during your reunion visit. Don Cun¬ 
ningham has written a summary of our 
meeting which contains so many items of 
interest we are giving it to you in detail; 

“We agreed 4o add regional commit¬ 
teemen who will impress the importance of 
our 50th on their friends in their region. 
When our letterheads are available, we will 
write to each and notify them of their honor 
and responsibilities. 

“We discussed the cardinal color of pre¬ 
vious 50-year jackets and agreed we liked 
the darker-toned ones. With his textile ex¬ 
perience, we have delegated the selection 
of fabrics to Bob Dawes. 

“We reviewed six or seven booklets from 
other 50-year classes showing names and 
addresses of their classmates. We have 
472 addresses and 428 active members. 
Out of 847 graduated, 308 are deceased. 
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539 living, and 67 with no address available. 
We hope to send booklets to all whose ad¬ 
dresses we have. The attendance for our 
40th reunion was 170 (13.4 per cent of '26 
alumni) and for our 45th, 158 (13.9 per 
cent). 

"The women's dormitory, McCormick Hall 
will be available gratis starting Wednesday, 
June 2 through Sunday night, June 6. A 
small number could be accommodated for 
Monday night, June 7. Classmates should 
arrive during the day, Thursday, June 3, to 
attend Pops at Symphony Hall that night. 
Our class will have a reception at the 
President's house before Pops and we can 
leave directly by bus for Symphony Hall. We 
will include a reservation form to be re¬ 
turned to Chatham Bars Inn in our mailing. 
Also a card to be returned to the Alumni 
Office requesting dormitory rooms. The 
tickets for Pops will be part of the mailing for 
Alumni Day, Friday, June 4, until noon Sun¬ 
day, June 6. 

"At Chatham Bars on Friday evening, 
George Smith will ask Edna (Mrs. Argo) 
Landau of St. Louis to give one of her taped 
slide entertainments and to bring a second 
one along should we have bad weather. She 
gave an excellent show on our 45th. On 
Saturday noon is the Clam and Lobster 
Bake. Golf will be available all the time. That 
evening a banquet followed by dancing is 
planned. We will sorely miss Frank 
Schreiner as M.C. Let's have some sug¬ 
gestions. The finale will be a Sunday lunch¬ 
eon after which our classmates can go their 
way and take advantage of Bicentennial ac¬ 
tivities." Cherrio. — George Warren Smith, 
Secretary, P.O. Box 506, Pigeon Cove, 
Mass. 01966 
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Joe Harris, who knows from experience 
how your class secretary sometimes has to 
scrounge for news, helps out with the note 
that he and Mrs. Harris are taking a London 
theatre tour sponsored by the Goodspeed 
Opera House of East Haddam, Conn., in 
January. Joe writes, "We look forward to 
seeing some of our old-time Shell London 
Office friends, most of whom, of course, are 
also now retired." 

Walter Walker sends in a capsule report 
of how he now spends his "leisure" hours in 
retirement: "Keep household functioning. 
Repair car (1967 Buick Special). Radio 
amateur — active on low frequencies keep¬ 
ing dally skeds with my old buddies spread 
over U.S. and some foreign countries. At¬ 
tend church with wife. Mow grass. Sweep 
snow. Feed birds and squirrels. Attend lec¬ 
tures (mostly technical). Peruse mail 
(mostly 'junk').” 

When I mailed the copy for the December 
notes (in October), Christmas was so far off 
that I forgot to include holiday wishes. Let 
me now wish a happy and prosperous year 
to all the class. — Joseph H. Melhado, 
Secretary, 24 Rodney Rd., Scarsdale, N.Y. 
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Last month we mentioned the possibility of 
holding a mini reunion of '28ers during the 
annual M.l.T. Fiesta in Mexico. Appro¬ 
priately enough, the 1976 event will be the 
28th Fiesta of the M.l.T. Club of Mexico 
City. You may have already received regis¬ 


tration mterial in the mail. This year the 
Fiesta will be held March 11 through 13. 
There will be a post-Fiesta tour of the histor¬ 
ical city, Morelia, and nearby Lake Patz- 
cuaro. Those who have attended the Annual 
Fiesta in Mexico express only high praise 
and enthusiasm, so we hope you will be join¬ 
ing us for this special gathering. Be sure to 
mail your reservation promptly. 

Our great celebration, the 50th Reunion 
of the class is only two years off and plans 
are well underway. It will be held on campus 
in Cambridge. Start making your plans now, 
get in touch with other classmates, and let's 
make this the best reunion ever! Meanwhile, 
Jim Donovan and our class agents, Tom 
Larson and Charlie Worthen, are hard at 
work on the traditional 50th Reunion Gift. 

In a brief letter to Jim, Arch Archibald 
says that except for a trip to Nova Scotia 
and a date at the Lahey Clinic in Boston last 
January, he has done very little traveling 
this past year. He and Clara have stayed at 
home trying to get some things done on 
their five acres. . .. Gerry MacGillivray, 
visiting in nearby Waltham, was thoughtful 
to telephone Jim for a chat. Gerry has every 
intention of being at the 50th. . .. We are 
very sorry to learn that Joe Gaffney's wife, 
Marie, died on September 26, 1975. She 
was stricken with a massive heart attack 
while she and Joe were visiting Joe's sister 
in Winchester, Mass. The Gaffneys lived in 
Hinsdale, III., and have a son, Joseph John. 
Sympathy of the class has been expressed 
to Joe and his family. . . . Judith (Mrs. 
Benjamin) Miller has returned from a trip to 
Egypt, Syria, Jordan and Israel as a 
member of the steering committee for 
American Professors for Peace in the Mid¬ 
dle East. Prior to his death, .Ben was a 
founding member and National Treasurer 
for the organization. — Walter J. Smith, 
Secretary, 37 Dix St., Winchester, Mass. 
01890 
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Laurence L. Waite has sent a note of ap¬ 
preciation for getting a birthday card from 
the Class of 1929, and he is well and lead¬ 
ing a happy retired life in California. 

Henry S. Muller, who operates a tree 
farm in Belmont, Ohio, has been having a 
rough time due to the recession. He states 
that this is the worst business slump he ever 
has experienced. . . . John H. Tomfohrde, 
who lost his job when the Boston Naval 
Yard closed a few years ago, has got him¬ 
self a new job, as draftsman forihe Standby 
System in Medford, Mass. John, who went 
to Somerville High School with your secre¬ 
tary has changed his residence. After being 
of the same house for over half of a century, 
he has moved from 52 Browning Rd. to 326 
Broadway, both in Somerville. . . . Carl W. 
Harris reports that he is living happily in re¬ 
tirement in Sarasota. Fiorida. He has three 
married daughters who live in Hingham, 
Mass., Mystic,'Conn., and Chicago, III., 
each having three children, thereby giving 
Carl nine grandchildren. His son, Carl Jr., 
who lives in Boston, got married last Sep¬ 
tember 12. ... Anthony J. Perry who re¬ 
tired from the Corps of Engineers some 
years ago, has been busy doing consulting 
work. "Most of my recent consulting work 
which I have done has been in the western 
part of the United States. I have had no 
overseas work for a while. I hope to visit 


Cambridge next year on Alumni Day. Best 
wishes to all my classmates." 

John H. Butler writes, "I have been re¬ 
tired for two years now and I enjoy it very 
much." . . . Arthur A. Jones writes, 
"Though retired, I stili remain active in 
A.S.T.M. Standards activities, on Commit¬ 
tee B-1 on Wires for Electrical Conductors. 
This gives us an opportunity for travel twice 
a year. This year (1975) the meetings were 
held in Washington, D.C., after which we 
headed south, all the way to southern 
Florida, visiting friends, wildlife sanctuaries, 
and points of interest on the way. The high 
point of our trip was a three-day visit at 
Okefenokee Swamp, in southern Georgia, 
which was so beautiful. We attend the M.l.T. 
Club of New Bedford, Mass., and see Frank 
Mead and his wife Mary occasionally. We 
are thoroughly enjoying our retirement." . .. 
Frederic L. Bray, writes, "Since Social 
Security payments cannot support the three 
of us — my wife Irene, my mortgage holder 
and myself — I am obliged to continue work¬ 
ing. Everyone tells me how lucky I am to 
have my health and how sensible to keep 
working. Time will tell. Best Wishes to all." 

... Since his retirement of service. Richard 
K. Opper is just as busy in community ac¬ 
tivities. He lives in an old nine-room house 
in Walcott, full of precious antiques. He is 
president of Naugatuck Y.M.C.A. and Wal¬ 
cott Historical Society. 

Where most of our classmates are either 
retired or about to be, Thomas W. McCue 
seems to be expanding his business ac¬ 
tivities. Tom is self-employed doing a vari¬ 
ety of things such as national and interna¬ 
tional sales of commodities in steel, coal, oil 
and other Items, acting as a broker. He also 
deals in a number of advertising periodicals, 
selling services of all kinds as far away as 
Taiwan. He is also studying part-time to im¬ 
prove his methods of operations. He lost his 
youngest brother Idst August who passed 
away suddenly. He sends his best wishes to 
all.. . . Mrs. Herbert (Helen Mary) Walther 
writes, "My husband, who also was from 
M.l.T., died of cancer last October. I keep 
very busy — mostly fighting a proposed 
super-highway which is planned to go 



The second of a limited edition of 
HoneywefI Strobonar flashes was 
presented to Harold E. Edgerton, '27, 
Institute Professor Emeritus, (right) by 
Robert L. Pennock, Vice President and 
General Manager of Honeywell 
Photographic Products for his pioneering 
role in the development of strobe 
photography. 
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Television Leadership, 
and the Power of Radio 

Two unusual awards came to James R. Kil¬ 
lian, Jr.. '26, Honorary Chairman of the 
M.l.T. Corporation, late last spring: 

— The first Marconi International Fellow¬ 
ship, whose purpose is to commission crea¬ 
tive work that links science and engineering 
to the betterment of human life. 

— An accolade — a "Salute to Dr. Killian" 
dinner — from the Advisory Council to Na¬ 
tional Organizations for his service as 
Chairman of the Board of the Corporation 
for Public Broadcasting. 

The Marconi Fellowship — a $25,000 
commission — came to Dr. Killian at a ban¬ 
quet of th^ National Academy of Engineer¬ 
ing In Washigton on April 23. To carry out 
the commission, Dr. Killian has chosen Asa 
Briggs, Vice Chancellor of the University of 
Sussex, England, to study the,social and 
human implications of the development of 
radio broadcasting. The Fellowship was 
created by Gioia Marconi Braga, the daugh¬ 
ter of the inventor of radio, and underwritten 
by 15 industrial corporations. 

The “Salute to Dr. Killian" evening con¬ 
sisted largely of tributes and accolades by 
public and television figures related to Dr. 
Killian's role in conceiving “public televi¬ 
sion" as Chairman of the Carnegie Com¬ 
mission on Educational Television in 
1965-66 and, more recently, his service as 
Chairman of C.P.B.’s Board of Directors. □ 



The stars of "Zoom," a successful 
children's television program produced by 
WGBH-TV, Boston, for showing on public 
broadcasting network stations, made a 
special trip to Washington on May 14 to say 
their thanks to James R. Killian, Jr., '26, at a 
"Salute to Dr. Killian" dinner. The affair, ar¬ 
ranged by the Advisory Council to National 
Organizations, was in tribute to Dr. Killian's 
role in creating today's public television. 


through our small village, which we believe 
will be atv ecological disaster. I have also 
joined many other residents in our commun¬ 
ity opposing the construction of a dam 
which would flood one of the most beautiful 
valleys in this part of the country, doing un¬ 
told amount of damage to wildlife. I also 
garden, entertain, put on children's plays 
and am writing a book." ... A nice note 
comes from John Russell Clark which 
reads, "Dot and I just returned from the 
Alumni Officers Conference at M.l.T. The 
program was excellent. It was nice to talk 
with current administrators, and update on 
the Institute's plans and programs. I had a 
nice chat with Wally Gale whom I had not 
seen for ten years. This year, I finished a 
four-year four as a member of Visiting 
Committee for the Department of Aeronau¬ 
tics and Astronautics. It was very interesting 
and educational. I am glad to see the en- 
rollmeht in that department increasing after 
several low years. The industry is short- 
handed for young F>eople with Innovative 
ideas and concepts. Dot and I intend to stay 
in the Big D' (Dallas). It is a great country 
and good people in it. Being semi-retired, I 
have been doing consulting work for L.T.V. 
Aerospace Corp. irv Dallas, the U.S. Air 
Force and the A.I.A.A. Will be glad to hear 
from any '29ers who happen to be in this 
area, particularly Course 16. Phone 
214-361-4795. Regards to all." ... For the 
past four years, Sidney Darlington has 
been an adjunct professor at the U.N.H. in 
Durham after his retirement from the Bell 
Tel. Labs. Last April, he was awarded 
I.E.E.E.'s Edison Medal "for basic contribu¬ 
tions to network theory and for important in¬ 
ventions in radar systems and electronic 


circuits." He was also elected as a member 
of the National Academy of Engineering. 
Last spring he taught at graduate level a 
course on filter theory and design in the 
Electrical Engineering Department. 

A brief note from the widow of William S. 
Tyler announces that Bill died in his sleep 
on September 16, 1975. Word comes that 
another '29er, Ralph B. Atkinson, has 
passed away. He was killed in an au¬ 
tomobile accident on June 11, 1975. — 
Karnig S. Dlnjlan, Secretary, 6000 N. 
Ocean Blvd.-Apt. 14-E, Fort Lauderdale, 
Fla. 33308; (305)-946-0425 
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Hopefully, you have received Larry 
Barnard's letter of October 22,1975, telling 
of the 45th Reunion plans. In case you 
missed the letter, here are the salient points 
— our reunion will be on-Campus. We will be 
staying in Burton House "for free." Arrive 
any time after noon on June 1. Thursday 
night is the Pops, Friday is Alumni Day. The 
reunion will adjourn after brunch gn Sunday, 
June 6. Ed Hubbard, Program Chairman, is 
planning a program for everybody — from 
golf to Boston Harbor boat cruises. Be sure 
to mark the date down — and plan to attend. 

If it hadn't been for Larry's letter, your 
Class Notes wouldn't have amounted to 
much this month. No word from any class¬ 
mates during the past month, nor have 1 
seen any of you. Sally and I are heading for 
Florida for a few weeks and hope to see 
some classmates there. Unfortunately, we 
won't be able to stop “en route" as we are 
taking the cartrain down from pear 


Washington, D.C. 

John Swanton, with assistance from Bon 
Stoverman, added these notes: "Ben sug¬ 
gests that with the 45th Reunion practically 
upon us, we ask our readers to update their 
addresses when responding to Larry 
Barnard's letter on the Reunion. Then we 
shall have a good up-to-date listing availa¬ 
ble for distribution in June. With all of the 
changes due to retirement moves, it is 
difficult to keep track of people. 

“Louise and I have just returned to New¬ 
ton after being at our place In Maine since 
May. I saw Bob Leadbotter in August at the 
Bath, Me., Marine Museum field day. He 
was there with his daughter, and son-in-law 
who is in the ship model construction and 
repair business. Saw also in a Downeast 
publication that Bob was a skipper in the 
24th Maine Retired Skippers Race. Didn't 
hear who won! Don't forget to send your 
Reunion cards back to Larry Barnard." — 
Edwin W. Worden, Secretary, 35 Minute 
Man Hill, Westport, Conn. 06880; Bon W. 
Steverman, Assistant Secretary, 260 Mor¬ 
rison Dr„ Pittsburgh, Penn. 15216; John R. 
Swanton, Assistant Secretary, 27 George 
St., Newton, Mass. 02158 
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Jim Harper recently reported to your Sec¬ 
retary with a very newsy and informative let¬ 
ter on the recent Alumni Officers Confer¬ 
ence. Among those attending were Wendell 
E. Rearce, Arthur Lowery, Arthur Mar¬ 
shall, Raymond Schaefer, Donald Whls- 
ton, and of course Jim.... A nice note from 
Don Whiston relating travels since our Ber- 
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Golf Is “A Little Quiet” for Bill Jones at 70 


muda reunion that have taken him to Lon¬ 
don and Salt Lake City and a very busy 
summer on a consulting job reviewing the 
physical plant organizations of some 15 
community colleges in Massachusetts. Don 
is also the author of an article "Waste by 
Formula" appearing in the November issue 
of the American School and University 
magazine. . . . Robert B. Semple, 
Chairman of the Board, BASF Wyandotte 
Corp., has been elected a Fellow of the 
American Institute of Chemical Engineers, 
in recognition of his professional attain¬ 
ments, particularly in the development of 
Monsanto’s synthetic fiber activity and the 
modernization of Wyandotte's organization 
and facilities. . . . The Alumni Records 
Office has forwarded the following necrol¬ 
ogy — Erwin O. Kruegel in Washington, 
D.C., on August 12, 1975: and Oliver H. 
Scharnberg in Westwood, Mass., on Oc¬ 
tober 20, 1975. Our sincere sympathy to 
their respective families. — John W. Flat- 
ley, Secretary, 6652 32nd St.. N.W., 
Washington, D.C. 20015 
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Top billing is the Class of 1933 Mini- 
Reunion in Mexico City on March 11 
through 13. See announcement and my 
photos from last year on page 104. Last year 
we had a marvelous time watching a few of 
our more intrepid alumni riding the horses at 
La Morena and attempting something like 
roping the wild bull. There is still plenty of 
time, even now, to make your wants known. 
Most of you will already have made up your 
minds. 

I have no word from Bill Baur as to the 
response from class members yet. Bill 
spends part of the summer in Amherst, 
N.H., at the home of his daughter. Earlier 
this year. Bill and Claire drove 50 miles to 
see us and mentioned having been to 
Bogota. I had to ask what he w3s doing 
there. It seems that he belongs to 
"Schlaraffia," a world group of men of Ger¬ 
man extraction. It is in no way political, but 
instead devoted to, "strictly social and 
dignified horse-play." It's something when a 
sensible man like Bill will go to Bogota In 
late summer. Bill and I have been friends for 
45 years; he runs the mini for his class. 

There is a dearth of news from the faithful 
this time, a condition which seems at times 
to be chronic. Jim Turner is shedding his 
mantle as Class Agent. He and Edna are 
well, and I wish him luck. 

We seldom hear from the women in our 
class, so I was pleased to hear from Kelly 
(Mrs. Peter) Geddes, who announced that 
she attended the last Alumni Day. The De¬ 
partment of Architecture sponsored a sym¬ 
posium for their alumni, at which Kelly had a 
great time, and wants to do if again. When 
we were students, the architects were iso¬ 
lated over on Boylston St., and knew very 
few of us in Cambridge. But of course they 
did know many students in other classes. 
The original reason for her letter was to ob¬ 
tain Chuck Thumm's address. She and her 
husband chanced to stop at Chuck's ranch 
in Arizona, not knowing that Chuck was a 
classmate. I have never heard from Chuck! 
How come? 

John Rumsey cut off the bottom -of the 
mini application, and penned me a shorty. 
"No great news, except that we went to 
Soviet Russia, on a strictly pleasure trip." 


Wilfred V. Jones, '31, thought ("if you don't 
mind my saying so") he could beat them, 
and he did: the four top-ranking 
70-year-old-and-over tennis amateurs on 
grass and clay courts. That makes Bill 
Jones the nation's top 70-and-over tennis- 
player, and during an interview late last fall, 
Dave van Dyck of the Chicago Sun-Times 
found Mr. Jones "loaded with glee over his 
new-found athletic fame." 

Mr. Jones retired four years ago from his 
labor relations job for the state of Illinois, 
and only then did he begin to take sports 
super-seriously. He's always played tennis 
and squash, but now he works harder at 
them — and at keeping in shape generally. 


John has just moved, but still lives on Wing 
Lake (Detroit area). . . . Bill Sheppard 
writes that he and his wife have spent three 
of the last seven years in Mexico, and that 
Mexico City is no more Mexico than New 
York City is the U.S.A. I had to tell BHI that 
he missed the point: we are using the Fiesta 
as an excuse for a reunion. 

Once again, Dick Morse makes the 
news: this time the press announces that 
Dick has been approinted by President Ford 
to the Energy Research and Development 
Administration. This makes three presi¬ 
dents for whom Dick has served. Dick is 
also President of the M.l.T. Deveioprhent 
Foundation. At a time when many of us are 
retiring, Dick.is taking on more and more. 

. . . From Ellis Littmann comes a short 
note, telling of a visit he and Roz made to 
San Diego, the LaCosta resort, and then 
Scottsdale, Ariz., for a business meeting. 
Ellis said that he had little time to see 
classmates, but will later on another such 
trip. Ellis sent a photocopy of the current 
Iron Age, with our own Ralph Cross on the 
front cover. It seems that Ralph wrote an 
intereshng article in that issue, though no 
details. Ralph sure gets around. Not many 
make the front cover of anything, business 
or othenvise. 

Have you people noted that there have 
been no address changes lately? We had 
for years a card file of all classmates show¬ 
ing the address, course, scholastic 
achievements, and so on. Now, we have a 
voluminous copy of the class roll, active 
members only, and none of the information 
above. 

We still receive notices of those who have 
passed on. Charles E. Miller, of Philadel¬ 
phia died on April 3, 1975. We have no more 
details. ... Norman Levinson, Institute 
Professor and one of the country’s top 
mathematicians, died October 10, 1975. 
Norm was a remarkable man in many ways. 
His biography appeared here when he was 
made Institute Professor. I have written to 
Mrs. Levinson in the name of our class, a 
painful duty, especially for one so close to 
us all. — Warren J. Henderson, Secretary, 
1079 Hillsboro Beach, Pompano Beach, 
Fla. 33062 
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News is slim this month, and would be 


For two weeks before the championships 
last fall, he spent over an hour a day with a 
ball machine and jogged one mile before 
and after each ball-machine session; and 
before the interview with Mr. van Dyck, Bill 
Jones had spent the morning picking ap¬ 
ples. He's also working on a book on labor 
relations, the field in which he worked for 
most of his life after graduating from M.l.T. 
in electrical engineering. 

Bill Jones finds tennis "the perfect retire¬ 
ment sport.... Golf is a little quiet for me," 
he told Mr. van Dyck, "and I don't go in for 
that 19th hole." At age 70, he "feels great." 
And "about all I do is play tennis," he told 
Mr. van Dyck. □ 


slimmer if I hadn't decided to hold off last 
month with the following letter from Charles 
F. (Fred) Barrett, Jr. As you will see, he 
has really made a switch in life style. 

He writes, "We have just embarked on a 
new phase of our retirement life, and I am 
writing this from our first stop after leaving. 
We have sold our home in Saratoga Springs 
and are using our Holiday Travel Trailer for 
full-time living. We do, of course, have to 
keep some anchors out such as mailing ad¬ 
dress (R.D.I, Box 150, Rexford, N.Y. 
12148), which belongs to our daughter. She 
will forward our mail whenever we are set 
long enough to receive it. Also, for the 
summer and early fall months, we will park 
our trailer in Speculator, N.Y., where our 
older son has our old summer home and 
some two acres of land. 

"This will be the fourth year we have 
headed for Florida to sit out the cold 
weather and the first time we have headed 
directly there. Twice we went by way of 
Boulder, Colo, (some detour! — R.M.F.), 
where our younger son lives. This way, we 
have seen nearly all of our great country 
except the West Coast, Nevada, Idaho, and 
Montana. 

"Amalia and I decided on this way of life 
because our four children are all estab¬ 
lished for themselves and independent of 
us, and because we enjoy the out-of-doors 
life which travel-trailering gives. As an 
added bonus, we have met many interesting 
people in our camF>ground stays." 

I must say I have to admire someone who 
can cut themselves down to that scale of 
living. We accumulate so much in following 
our hobbies that paring down'to that extent 
seems impossible. 

At least each fall some members of the 
class of '21 round up some Lower-Cape 
alumni for a luncheon get-together. This 
year I got the word to Ralph Brown, Ray 
Jewett, and Herman Ausin. We had a 
pleasant meal, in the course of which I men¬ 
tioned to Ralph we had to be in Amherst two 
days later for a state-wide Conservation 
Commissions meeting. Since he and Ann 
were going back to Wilbraham (they still di¬ 
vide between there and South Yarmouth), 
they invited us to spend the night with them. 
He ended up having car problems and tak- 
Jng the bus out but we drove Ann and when 
we arrived late in the afternoon, Ralph had 
two tremendous loaves of bread in the oven! 
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From Amherst we wound up with Ted 
Taylor and Winnie in Eliot, Maine (just up 
from Kittery). They will be leaving soon for 
their annual trip south. This time they're 
starting at an island off the coast of Yucatan 
and will end up eventually further north in 
Mexico where they have spent past winters. 
— Robert M. Franklin, Secretary, Satucket 
Rd., Brewster, Mass. 02631: George M. 
Bull, Assistant Secretary, 4961 Allan Rd., 
Washington, D.C. 20016 
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Bernard Whitman was named Magician of 
the Month by MUM, the official publication 
of the Society of American Magicians. Here 
are excerpts from the article accorhpanying 
the announcement: Bernard went to work 
for Chance Vought Aircraft in Connecticut 
after graduation, starting as a structural en¬ 
gineer. He became Chief of Research in the 
Experimental Dept., and during World War 
II helped develop the famous Corsair 
Fighter. Later, when Chance Vought 
merged with Igor Sikorsky's company, Ber- 
nie worked directly with him on the original 
helicopter. In 1945 he returned to M.l.T. and 
worked in the Draper Lab. In his spare time 
he was pursuing his Interests in magical 
shows and developed the Fu Ling Show so 
successfully that he left M.l.T. in 1955 and 
took the show on the road, but not before 
marrying his secretary and assistant in the 
show, Jeri Hollowit. By 1969, Bernie had 
earned his master's degree in industrial 
education from the University of Maine, was 
head of the vocational training program in 
the Weymouth schools, and well on the way 
to becoming a national authority on career 
education. In 1974 he was chosen as 
Teacher of the Year. He's retired now and 
lives at 788 Forest Rd., Marshfield, Mass. 
02050. 

Edward Woll, another helicopter man, 
has been awarded the American Helicopter 
Society's Dr. Alexander Klemin Award "for 
his years of leadership in design and de¬ 
velopment of jet engines and his prime 
influence in overall design of the U.S. 
Army's T700 turboshaft engine, to power 
advanced helicopters of the 1980's." Ed is 
Vice President and General Manager of the 
Group Engineering Div. of the General Elec¬ 
tric Co.'s Aircraft Engine Group. He has 
been with G.E. since 1946. . .. Michael G. 
Kelakos was recently awarded the 1975 
Golden Lamp Award which is given annually 
to a graduate of the Hellenic American 
School in Lowell. Michael has recently re¬ 
tired after 25 years of distinguished service 
with the State Dept. He lives at 11 Algon¬ 
quin Rd.. Canton, Mass. 02021, with his 
wife, Theresa, and their two children. 

Our class is proud of all its award win¬ 
ners. 

Last May 16, Sam Brown wrote to me. It 
was his 62nd birthday and he said; "This 
month ends 2916 years for me at Coverdale 
and Colpitts, and two weeks from today I am 
retiring. (He ended as Chairman of the 
Board). After a busy month of June, I expect 
that my part time consulting and four pro¬ 
fessional directorships will involve working 
an average of seven or eight days per 
month, which will leave me with plenty of 
time for golf and other things. Helen and I 
spent a 12-day golfing holiday in Puerto 
Rico last December and another one in 
Florida in March, with perfect weather both 


times." Doreen and I had a delightful day 
playing golf with Sam and Helen at Canoe 
Brook in July. 

Those who were lucky enough to be at the 
reunion surely talked to Bud Pflanz and met 
his lovely fiancee Gloria, but I have been 
saving the letter he wrote to me in April be¬ 
cause I wanted to print it at a time when 
there would be few distractions. Here it is; 
"Confused am 1.1 get correspondence relat¬ 
ing to the reunion of the Class of 1935, but 
not a thing about the Class of 193516. You 
all have sheepskins dated in June, whereas 
for reasons left unsaid, mine is dated in De¬ 
cember. So you see. I'm of the Class of 
193516. However, as there probably are few 
of us, perhaps I should lower my standards 
and join you '35ers. That is if I can brjng 
along my fiancee instead of a wife (who died 
years ago). When the army decided I was 
too old to crawl on my belly like a reptile 
anymore, I worked as a civilian for a while 
until my company decided they couldn't af¬ 
ford me. Since then I have been a 'house- 
husband' keeping house for my three chil¬ 
dren until they all go away to college (still 
have a 17-year-old attending high school). 
So while you hard-working types are getting 
broad beams and ulcers, I get dish-pan 
hands and bruised ankles from being 
rammed by shopping carts in the afsies of 
supermarkets. As for your hand-written 
comment —whHe tis true I rowed during my 
freshman year, my six-foot 127-pound 
frame didn't contribute much toward beating 
the varsity. It did however contribute to a 
comedy routine; whenever we tossed the 
shell overhead it left the bow man, a shorty, 
(I was #2) hanging with his feet dangling. 
Yup, I'ri) planning to attend the 40th. God, 
my intended bride and my car tires willing." 
And obviously they all cooperated. Bud's 
address is 242 Grant Ave., Eatontown, N.J. 
07724. 

In early October, business took me to the 
Allentown area. I had contacted John 
Brosnahan in advance, who set up a golf 
date. We met the evening before for dinner 
and I stayed at his house, which gave us an 
excellent chance to get caught up-to-date 
after 40 years. His wife had gone with 
friends to their summer cottage for the 
weekend, John delaying his trip until after 
our golf. John is in his 40th year at Beth¬ 
lehem Steel where he is Product Supervisor 
in their closed die forgings plant. He started 
in the lab as a metallurgist, began helping to 
solve field problems and moved into Sales. 
He and his wife Josephine have three chil¬ 
dren, all grown and flown from the roost. 
Josephine, their daughter, lives with her 
State Department husband in Rabat, 
Morocco. Tom, the older son, got his docto¬ 
rate at Tufts and has been living in Istanbul 
with his wife for the past year. They were 
returning home in November. Steve is 
single, graduated from the Rhode Island 
School of Design, took an extra year of 
study in Rome, and is working for Envision 
in Boston. This is a family with many artistic 
talents and there are examples alt over the 
house. To me, the most interesting and re¬ 
ally exciting were the sketches of members 
of the family which John himself had done 
along with some landscapes. I wish you 
could see them. As far as the golf was con¬ 
cerned, we had a good time even though it 
was overcast and misty. John had lined up 
two friends to play: Bill Komich and Walt 
Hofmann, '34, so a great time was had by 
all. 


Doreen joined me in San Francisco dur¬ 
ing a recent business trip and we stayed 
with Edith and Ham Dow one night and then 
on to stay with June and Brownie Brownell 
on the Monterey Peninsula. It was great fun, 
with good weather, except for one day, and 
golf at the Dow's and Brownell's courses. It 
was my first time back in the Pebble Beach 
area after 16 years, but the closed penin¬ 
sula area has not lost its exclusivity and 
charm. The Monterey Peninsula Dunes 
Course was a real thinking-golfers' para¬ 
dise. I learned that Verna and Gerry Rich 
are now living in Los Gatos and Gerry is 
teaching. We had no luck at all in locating 
them. 

The 15th Annual Class Golf Tournament 
has crowned a new Champion for 1975: Wil¬ 
liam J. Bates. Bill ended up in a blaze of 
glory with successive rounds of 86, 86 
which with his 21 handicap (and that will 
change) gave him net 65's against Al 
Johnson in the semi-finals and Bob Flood 
in the finals. Even Ham^Dow would have 
had a hard time matching that one. Ham 
turned the cup over to me, it is being en¬ 
graved and will be shipped to Bill to display 
for a year. It's going to be hard to win it away 
from him, I know. I had a chance to play with 
him at his course during the summer and he 
can surely "hang It all together" when the 
chips are down. 

Now all you readers out there: this is a 
new year, make your Class Secretary happy 
and drop him a note. — Allan Q. Mowatt, 
Secretary, 61 Beaumont Ave., Newtonville, 
Mass. 02160 

36 

Eight class members and their wives joined 
your secretary for a mini reunion in late Oc¬ 
tober. Mary and Fred Assmann drove up 
from Pennington, N.J., Marian and Tony 
HIttI drove up from Pleasantville, N.Y., with 
their weekend guests, Betty and Elliott 
Robinson. Lillian and Larry Peterson 
drove over from Schenectady while Barbara 
and Ham Migel came from Rhode Island. 
Barbara and Roger Krey combined a par¬ 
ents' day luncheon at Northfield-Mt. Her¬ 
man and supper in West Hartland as a 
reason to come down from New Hampshire. 
Phoebe and Frank Phillips slopped by ori 
their way to New Jersey from Vermont, 
where they are building a cabin and expect 
to build a house. Virginia and Augie Mac- 
kro completed the group and joined my 
daughter Martha and me. 

Dorian Shainin reports that he has taken 
early retirement from the management con¬ 
sulting firm of Rath and Strong, Inc., and as 
of last July he became an independent con¬ 
sultant. He is busier than ever but more re¬ 
laxed. ... Ariel Thomas travels considera¬ 
bly as manager during construction of a 
secondary treatment plant for waste water 
in New Jersey and consultant tO’ the Al¬ 
legheny County Sewage Authority in 
Pittsburgh.. . . Don Thompson retired from 
DuPont in 1974 and he and Marguerite have 
settled on the ocean at Winter Harbor, 
Maine. He reports one son with DuPont, one 
with Stone and Webster. Number three, 
Ann, is a part-time teacher in Peeskill, N.Y. 
By the time you read this the Thompsons 
will have four grandchildren, ... Eli 
Grossman is involved with actuarial work at 
Security-Connecticut Life Insurance Com¬ 
pany in Avon. Conn.; his wife Vivienne, a 
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Hill: Helping A.C.S. Work for its Members 


Henry A. Hill, Ph.D. '42, who has estab¬ 
lished a reputation as a sort of anti- 
establishment maverick in the Americein 
Chemical Society, will be the Society's 
President in 1977. He won by Ihe nar¬ 
rowest of margins in a mail balloting of 
A.C.S. members late last fall. 

Chemical and Engineering News 
describes Dr. Hill as "a pioneer in orient¬ 
ing the Society toward the nbeds eind 
aspirations of the individual chemist 
member." Though he has been an 
A.C.S. member for 34 years, his interest 
in the management and policies of the 
Society dates from the early 1960s 
when, “for the first time, we had more 
chemists than we had jobs for them." A 
member of the A.C.S. Board of Directors 
since 1971, he remains "deeply con¬ 
cerned with the welfare of the individual 
chemist and with the critical relation¬ 
ships among the chemist, A.C.S., and 
the federal government.” 

No radical change is postulated, says 
Chemical and Engineering News, 
because Dr. Hill wants "no diminution of 
the things A.C.S. traditionally 'knows 
how to do weir ” in order to give greater 
attention to the problems of its individual 
members. Dr. Hill's opponent in the elec¬ 
tion was Anna J. Harrison, Professor of 
Chemistry at Mount Holyoke College; 
the vote was 15,550 to 15,410. 



H. A. Hill 


lawyer, is with a Hartford law firm; and their 
son is in graduate school at Cal Tech study¬ 
ing applied physics. 

Bob Sherman is chairman of the science 
division at Pristol Community College in Fall 
River, Mass., and chairman of a committee 
of the Mayflower Society which is over¬ 
seeing the preparation of a series of 
genealogies of the first five generations of 
all descendants (both male and female) of 
the Pilgrims. .. . Al Gray writes that Exxon 
has not threatened to retire him despite the 
lull in tanker construction. 

With his contribution to the Alumni Fund, 
(and to the class gifti) John Myers reports 
from San Francisco that he was married last 
March to Jean Erbeck, a fellow employee: 
"My bride and I have discovered that the 
third phase of our lives — after the children 
have been raised and are gone (two of hers 
and three of mine) — can be very enjoy¬ 
able." 

I regret to report the death on August 28 
following heart surgery of H. Page Cross, 
an architect who came to M.l.T. after gradu¬ 
ation from Yale. He maintained an office in 
New York and specialized in designing 
homes in the northeast and Virginia. He 
served in the Marine Corps in World War II 
— Alice H. Kimball, Secretary, P.O. Box 
31. West Hartland, Conn. 06091 
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Jack Robbins has retired from American 
Cyanamid and is now situated on a branch 
of Carter Creek, a mile from the famous 
Tides Inn at Irvington, complete with bulk¬ 


head, dock and a newly-acquired 28-ft. 
Pacemaker. Jack writes that his most seri¬ 
ous decision nowadays is whether to go 
fishing or play golf and he can’t remember 
when he has been as busy. His new ad¬ 
dress is P.O. Box 886, White Stone, Va. 
22578. ... Al Woll has been reelected to 
chairman and president of the Indiana State 
University-Evansville foundation for a third 
term. He also reports that his daughter, 
Susan, recently married Kenneth Eisdorfer 
of Long Island, N.Y., who is a chemical en¬ 
gineer from Washington University in St. 
Louis. Al’s new address is P.O. Box 5446, 
Lawndale Branch, Evansville, Ind. 47715. 

.. . John Fellouris and Gioconda spent 
part of the summer at their home in Athens, 
Greece. They also traveled to Iran and vis¬ 
ited Tehran and Isfahan. ... Rutherford 
Harris has been appointed assistant to the 
president of Arkwright-Boston Manufactur¬ 
ers Mutual Isurance Co. and will transfer to 
the firm’s corporated headquarters in 
Waltham, Mass., from Cleveland division 
where he has served as manager of the cen¬ 
tral region. He is also vice president as well 
as assistant to the president. — Robert H. 
Thorson, Secretary, 506 Riverside Ave., 
Medford. Mass. 02155; Lester Klashman, 
Assistant Secretary, 198 Maple St., Malden, 
Mass. 02148 

39 

Akim Zaburunov wrote: “Just returned 
from Japan and Hong Kong. A quiet and 
peaceful life, everywhere you see mar¬ 
riages. In one of these marriages the new 


couple passed with a smile and after I took 
pictures the groom said, 'What do you say?’ 

I said ’Good luck to you both’ and to my 
surprise all guests, old and young, started 
to clap. They understood English and an old 
man approached me and said, ‘I like you, 
let’s have a drink.’ I found, in general, if you 
treat Japanese people humanely, try to un¬ 
derstand their life and customs, they pay 
you twice for your kindness." 

Hilda and I have been visiting in the 
Pacific Northwest. In Seattle we saw some 
classmates who have applied 30-plus years 
of their careers to Boeing and the aero in¬ 
dustry. Bob Wlthington summarized his 
experience succinctly when he said: “You 
might say we are now fighting off old age, 
but there is tremendous satisfaction in hav¬ 
ing been in the vanguard during an exciting, 
progressive and unique aerospace era." 
^ob is right. I can remember standing, dur¬ 
ing 1938-39, at Logan Field in East ^ston, 
waiting to board a two-engine DC-3 to make 
the two-hour flight to New York where I 
would arrange a band for one of our proms. 
In those days, were someone to have pre¬ 
dicted that, within our time, planes carrying 
more than 300 passengers would take off 
half-way around the world, and fly non-stop 
to Logan Field, he might have been fair 
game for the man with the butterfiy net or 
the custodian of the looney bin. But now it is 
only 36 years later. All that has happened — 
and more. 

Probably no one knows how many ’39ers 
have contributed to this exciting part of this 
era. In California alone there are Ben 
Badenoch, Woody Baldwin, George 
Cremer, Bud Croshere, Dick Feynman, 
Leonard Jaffe, Paul Sandorff, Sam Sen- 
siper, Gail Swan and others. In Seattle 
today’s group includes John Alexander, 
Jim Barton, Hans Bebie, Dick Loesch, 
and Holden Wlthington. 

Nancy and John Alexander have made 
their home on the shores of Lake Washing¬ 
ton for these 30-plus years. They invited 
Hilda and me to dinner the same night that 
Morrie Nicholson came to town, and we 
enjoyed a most pleasant evening. John has 
majored in development projects at Boeing 
over the years. However, he has changed 
his sport from lacrosse to sailing, and he 
and Nancy enjoy their 38-foot ketch. John 
invites volunteers to help with such high- 
altitude chores as varnishing the mast. 

Morrie Nicholson is a full professor and 
resides in St. Paul, Minn. Morrie’s academic 
and consulting work fill his schedule. He 
was in Seattle to attend a seminar which is 
another way of saying he was on the rubber 
chicken circuit. I am sure he enjoyed being 
abie to get away from that to enjoy Nancy’s 
delicious dinner. Morrie’s supply of good 
stories is bountiful and he kept us all 
highly-entertained during the evening. He 
mentioned that Bob Plunkett is al^ a full 
professor at the same university. 

Jim and Mary Barton made a one-month 
trip to Europe and asked us to housb-sit 
their glamorous home on the shore of Lake 
Washington. This gave us our chance to 
see Seattle classmates. Also, it gave their 
8-year-old Collie, Bruce, a chance to edu¬ 
cate me in his well-formed habit patterns. 
Jim continues active in the administration of 
Boeing International. He wedges in time for 
the Institute. And his neighbors seem to like 
him because they have been re-electing him 
Mayor of Hunts Point Community for the 
past eight years. 
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98 Per Cent Off On a Pre-Owned Computer 


John D. Moorhead of the Christian Science 
Monitor says Adolph (Sonny) Monosson, 
'48, is “an unassuming man with a siy look 
in his eye." Friends know that this is a good 
description of a popular M.l.T. alumnus who 
is a pioneer of the used computer business. 

The current inventory of American Used 
Computer Co. is estimated at $40 million 
(original cost value): that places it among 
the largest in a helter-skelter business 
whose growth rate is one of the highest in 
the U.S. “There is $54 billion in hardware 
out there," Mr. Monosson told Mr. 
Moorhead — plenty to support a lively 
“second-hand" business which Interna¬ 
tional Data Corp. estimates at $250 million 
yearly. Mr. Monosson wouldn't talk to Mr. 
Moorhead about his share of that national 


Bob and Betsy Withington invited Hans 
and Austie Bebie, and Hilda and me. for 
dinner and the evening at their lovely 
lakeside home. Bob is a vice president at 
Boeing, has been an engineering and man¬ 
agement leader in missile, aerospace, and 
airplane accomplishments, and his refer¬ 
ences to this were fascinating. Three of the 
four Withington children happened to be 
home for the evening and made stimulating 
company. One works on the Alaska 
pipeline, and the other two are such accom¬ 
plished skiers that they are in the pool from 
which the U.S.A. chooses its Olympic 
teams. 

Hans Bebie has been working alongside 
Bob and he told some mind-wakers as he 
referred to optimizing design methodology 
and to the work directed toward the 
company's near- and long-term goals. The 
Withingtons arid the Bebies share a 36-foot 
sloop-rigged sailboat which is moored just 
alongside the Withington home, and both 
families saii in summers and ski in winters.' 

Dick Loesch received national publicity 
for his activities in connection with flight 
testing during this 36-year era. He and 
Peggy own a cottage on Vashon Island, in 
Puget Sound, and they find delicious clams 
and gweducks in their front yard at low tide. 
Their backyard harvest this year led them to 
have a "cider press" which is sort of a 
neighborhood party during which all gather 
around to help with the "press" and then 
share the apple cider and good feilowship. 

Those of us who were not engaged, dur¬ 
ing this 36-year era, in such glamorous 
careers have been flying at other levels to 
attend more mundane careers which in¬ 
clude my fertilizers business. Well, Hilda 
and I always say; "It may be manure to you, 
but speak kindly of it because it's bread and 
butter to us." I don’t know what others in the 
class might say about their careers, but if 
they will write I can pass along the reports 
and the one-liners. Some of the glamorous 
and mundane careers include the following: 

Bob Saunders made carpets. -Bill 
Brewster: shoes. Bill Babcock: highways. 
Dick Christie: garbage disposals. Wiley 
Corl: six children. Eli Oannenberg:'carbon 
black. Dave Frankel: radio tubes. Harold 
Goodheim: gloves. Gus Griffin: stronger 
concrete. Gus Hunicke: counting 
machines. Manning Morrill: black plastic 


market: “This is a private company, and it's 
nobody's business," he said. 

The biggest problem may still be to con¬ 
vince would-be customers that there's a 
market in used computers. But there ace 
other problems, tcx) — typical of any busi¬ 
ness that deals with "pre-owned” hardware. 
Mr. Monosson bought the whole Memorex 
business when manufacturing ceased. But 
the company’s service and maintenance 
operations ceased, too, and Mr. Monosson 
says the only market for the equipment now 
is in universities and laboratories "where 
people know how to maintain it them¬ 
selves." The result is that a Memorex 40 
central processing unit, original price 
$175,000, now goes for $3,500. — J.M. 


cases to hold ladies' wigs. Cris Rosas: 
whale oil from hundreds of whales caught 
off the coast of Peru. Bob Touzalin: a hole 
in one plus, by the time you read these 
notes, more sitzmarks at Vail. Sid Sitber: 
cookies by the millions, as he became one 
of the six foremost bakers in the nation. 
Classmates not named above are invited to 
send along some newsbits, comments, and 
should know that the Review especially 
welcomes glossy photos suitable for publi¬ 
cation. 

Bascom Emerson's friends will be in¬ 
terested to know he is in Denver, continuing 
his high-flying career. During under¬ 
graduate days Emmie excelled on the 
high-bar, in World War II he continued to be 
airborne, at Wright Field and elsewhere. 
Now he is in Denver, one mile above sea 
level. Emmie has headquarters in the 
Mahogany Halls of Gates Rubber Co. and 
still does high-flying via Lear Jet (a Gates 
subsidiary). Other Gates activities of in¬ 
terest to Emmie include operating a 
35,000-head cattle ranch, and possibly the 
world's largest automated, multi-story chic¬ 
ken and egg production facility; plus making 
rubber goods such as fan belts for our autos 
and lawn mowers. 

Meanwhile, back at the ranch, or as they 
say, back at the fountainhead, our ciass 
officers met in Boston. They didn't talk 
about 36-year space-eras or our careers, 
because the major topic was the coming 
M.l.T. Fund Drive. In due course we'll be 
hearing about this from Fred Schaller, 
Ernie Kaswell, Aaron White, Paui Stan¬ 
ton and Seymour Sheinkopf. Eventually 
each of us will be invited to respond. But 
until we get the official messages it might be 
helpfui for us each to review our own 
careers to evaluate what our careers and 
accomplishments have actuaily been, ver¬ 
sus what they would have been without the 
training each of us received from M.l.T. If 
our answers indicate the accounts need 
some balancing, we might each evaluate 
what we can contribute to enable the Insti¬ 
tute to give heip to the young people who 
are coming along so that they, in turn, can 
create their vaiues, glamorous or mundane, 
for the world. 

The mention of Nils and Janet Rosen¬ 
berg, '40, at M.l.T. and Wellesley respec¬ 
tively, brings us to the anchor position for 


these '39 notes. Hilda and I were lucky to 
catch these travelers in Seattle and we 
spent several pleasant evenings at their 
Broadmoor home. Nils stays busy commut¬ 
ing around the world where he helps 
Boeing’s customers optimize their training, 
maintenance, and operations programs. 
Jan has made four trips so far this year to 
Maui where they have a second home and 
where oVie of their daughters lives. — Hal 
Seykota, Secretary, c/o Birchall, 335 Sec¬ 
ond St., Atlantic Beach, Fla. 32233 

40 

A Piece In The Sun: The New York Times 
reports George O. G. Lof busy with solar 
energy development, both as director of the 
Colorado State solar laboratory, and vice 
president of Solaron, a company now pro¬ 
ducing solar heating and cooling systems 
for new homes. “There is a mispfaced em¬ 
phasis in a program that gives millions of 
dollars in grants to large, name companies 
or universities with no experience in solar 
energy to develop giant systems that are of 
no use to anybody,” he says. . .. Vladimir 
Hwoschinsky is in his second year as 
process engineer at Hooker Chemical Cor¬ 
porate Engineering on Grand Island, N.Y... 
Promotion : Former deputy project director 
of a joint venture for the Metropolitan At¬ 
lanta Rapid Transit Authority, Robert Seed- 
lock is now manager of the southern region 
(U.S.) for the international firm of Parsons 
Brincker-Hoff, Quade & Douglas, headquar¬ 
tered in New York City. 

Numbers: Delta Psi's house, expanded and 
renovated, retains the charm of the number 
6’ club, and the fraternity has much thanks 
to give its building committee tor the ac¬ 
complishment. Jack Oanforth chaired the 
committee. 

Hail And Farewell: Deceased, in New York, 
May 24 last, Robert O. Soman. — Frank A. 
Yett, Secretary, 254 S. Euclid Ave., 
Pasadena, Calif. 91101 
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Larry Tumock is Executive Vice President 
of the American Iron Ore Association. When 
he joined Republic Steel he had been with 
Pickands Mather and Co. and, previously. 
Technical Services, Inc., in Cleveland. . .. 
Rogers Finch, who became Executive Di¬ 
rector of the American Society of Mechani¬ 
cal Engineers, was recently elected to the 
board of the American Society of Associa¬ 
tion Executives. This association repre¬ 
sents 22 million persons and firms and has 
5,300 members who manage associations 
in the U.S.A. apd Canada. . .. Harlan 
McClure, dean of Clemson University's Col¬ 
lege of Architecture is a juror for the 1975 
Architectural Awards of Excellence compe¬ 
tition of the American Institute of Steel Con¬ 
struction. ... Walter Threadglll is manager 
of design engineering in the Baton Rouge 
office of the Rust Engineering Co. Walter 
graduated in mechanical engineering and 
has over 33 years experience in the design 
and construction of industriai plants. ... I 
had lunch with Howard Samuels, who is 
consulting with Proudfoot and is as ener¬ 
getic as ever. I didn’t ask him if he thought 
he won by not becoming Governor of New 
York State. We have a standing offer — 
send in news, we'll print it. — Henry Avery, 
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Secretary, U.S.S. Chemicals, 2863 — 600 
Grant St., Pittsburgh, Penn. 15230 

44 

Greetings! I trust you enjoyed the holidays 
with a warm and cheery fire, some good ski¬ 
ing, a tropical cruise, or a well-deserved 
rest. 

Bob Schwartz, owner of a plastics and 
lighting company in Oakland, was made 
chairman of the California (or northern 
California) Democratic Party. I have re¬ 
ceived no more details, but perhaps you 
could elaborate, Bob, for our next issue?... 
A brief note from Bill Sadler says, "I am 
now charging after my second graduate de¬ 
gree in systems management with U.S.C. at 
the Pentagon here in Washington. Recently 
spent two months in western Europe invent¬ 
ing my own Grand Tour with wife, who is 
chief librarian for Department of Defense in 
Europe." 

A belated report of the death of Edward 
W. Habicht, 105 Cottonwood Dr., Williams- 
ville, N.Y., on February 7, 1973. Ed was in 
course X, and did not complete his degree, 
but some of you will remember him. 

And an update of Andrew R. Bucclnl, 
with whom I had a delightful lunch in 
Philadelphia a few short months ago. Butch 
is Vice President of Bakers Equipment/ 
Winkler, Inc., Englewood Cliffs, N.J. And 
despite the recession, his company has 
been setting all sorts of sales records so he 
must be doing something right. Butch still 
lives in his lovely home in Richmond, Va. In 
his spare time, he flies a sailplane. 

So that brings us up-to-date on a few 
classmates. Please write, wire, or call any 
news about you or about classmates you 
know. — John L. Hull, Acting Secretary, c/o 
Hull Corp., Hatboro, Penn. 19040 
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Seventy-degree temperatures through early 
November made for a beautiful fall in the 
midwest — capped by my first eagle on a 
par-four since 1943. Weather and holes like 
that keep us golfers happy. 

The news this month included the 
shocker that Marty Phillips died suddenly 
while on Institute business in Miami. More- 
details were reported m the December 
Review. 

In a more pleasant vein, Percy Nelson 
has been appointed Vice President of Chas. 
T. Main. In this position he is responsible for 
the design and administration of all steam 
power projects in the Pulp and Paper Proc¬ 
ess Division. Since part of this scope in¬ 
cludes recovery boilers, he will also be re¬ 
sponsible for environmental engineering. 

. . . Fred Colusso has been appointed 
Manager of Licensing-Europe for Combus¬ 
tion Engineering International. ... Bernard 
Morrill has retired from Swarthmore Col¬ 
lege as the Turner Professor of Engineer¬ 
ing. He plans to continue his efforts in sup¬ 
port of minority education at both the col¬ 
lege and elementary level. . . . Edward 
Brandeau has been appointed Manager of 
New Business Development at the Brand- 
Rex Co. in Willimantic, Conn.. . . Carl Jen¬ 
kins writes that he is now with the Great 
Lakes Environmental Research Laboratory 
of the National Oceanic and Atmospheric 
Administration at Ann Arbor: he is the U.S. 


Coordinator on the International Field Year 
for the Great Lakes Program. 

Had a pleasant lunch the other day with 
Walt Ericsson and compared some of our 
mutual frailties on the tennis court. Walt re¬ 
mains in charge of the A. G. McKee opera¬ 
tions here in Cleveland and with only one 
son remaining in college can see the light at 
the end of the tunnel. Drop a line. — Dick 
O’Donnell, Secretary, 28516 Lincoln, Bay 
Village, Ohio 44140 

48 

Jack Page is dividing his efforts between 
his consulting business and further develop¬ 
ing of some successful oil and gas proper¬ 
ties. I visited Imogene and Jack at their 
home in Dallas and enjoyed a fantastic 
chicken barbecue. Jack is completing a 
greenhouse for their many lovely plants, 
and Imogene has several of her beautiful 
sculptures in the house and on their patio. 
Their son Carter is a senior at Texas A & M, 
their younger son is a freshman at Vander¬ 
bilt, and their daughter is married and lives 
in San Antonio. Jack plays golf and has 
been sailing regularly at Lake Ray Hubbard 
north of Dallas. 

On the same trip, while I was transferring 
between planes in St. Louis, there was Bob 
Bliss in the airport. He was returning from a 


week in the St. Louis area where he is work¬ 
ing as the Midwest District Officer for the 
M.l.T. Leadership Campaign. Bob's ap¬ 
pointment was announced by Ken Brock in 
August of this year. Bob will spend more 
than half his time in the Midwest working 
closely with area leaders in the solicitation 
of alumni, friends, foundations, and corpo¬ 
rations who can make major gifts to the 
Campaign. After graduating in Course II, 
Bob had a distinguished career with U.S.M. 
Corp. interrupted for one year, 1958, when 
he was a Sloan Fellow and received his 
S.M. degree. At U.S.M., he began as Proj¬ 
ect Engineer and served as a Divisional 
Sales Manager, General Manager, Director 
of the Mechanical Laboratory, and, most re¬ 
cently, Planning Director. Throughout he 
has been an active alumnus — Downtown 
Boston Chairman for the Second Century 
Fund, Alumni Fund Regional Chairman, 
Reunion Chairman and President of our 
class, f?resident of the M.l.T. Club of Boston 
and co-founder of the M.l.T. Club of Route 
128. 

Ferdinand G. von Kummer has been 
elected Vice President-General Manager of 
A. B. Dick Company’s International Division 
after two years as Vice President-Research 
and Engineering. . . . Elias J. Corey, 
Sheldon Emory Professor of Chemistry at 
Hanrard University has won the American 
Chemical Society’s $10,000 Arthur C. Cope 


Scheffer Lang: Most People’s “Pet Ideas’’ About 
the Railroads’ $4 Billion Problems Are Wrong 


When most enterprises run out of 
money, unable to earn enough to pay 
their bills, they go out of business. "A 
logical outcome,’’ thinks A. Scheffer 
Lang, '49 . .. except that it doesn’t hap¬ 
pen that way in his business. 

Mr. Lang is Assistant to the President 
of the Association of American Rail¬ 
roads. Here are some observations he 
made when he returned to Cambridge 
last fall to describe the dimensions of the 
railroads’ problems — and some possi¬ 
ble solutions — at the weekly seminar 
luncheon of the Center for Transporta¬ 
tion Studies. 

In 1974 — it was, on average, a good 
year for the railroads — the cost of 
operating and maintaining the nation’s 
rail system was $20 to $21 billion. But 
revenues were only $17 billion. Such 
shortfalls are chronic, he said, and the 
railroads’ assets for meeting them are 
nearly exhausted. Given present at¬ 
titudes and policies, there’s "no escap¬ 
ing" increasing government intervention, 
he thinks. 

There are in fact a series of options for 
balancing the railroads’ books: 

— Let carriers close down money-losing, 
little-traveled branch lines: the savings 
would be $100 to $150 million a year. (Or 
let government subsidies cover losses 
on these operations.) 

, — Fully reimburse the railroads for the 
costs of commuter and Amtrak pas¬ 
senger services, another $100 million a 
year. 

— Pay grade crossing costs ($150 to 


$200 million a year) which the railroads 
now must cover even though their routes 
often predate the crossings. 

— Make tax-exempt the fixed facilities 
the railroads use for transportation. Only 
pipelines among all other transit modes 
pay taxes on rights-of-way. For the rail¬ 
roads, the bill is $200 million a year. 

The $600 to $700 million saved by 
adopting these poiicies, says Mr. Lang, 
is just the amount the major American 
railroads, omitting the northeastern lines 
which are now incorporated in Con rail, 
need to balance their books. 

But this is a static solution for a 
dynamic problem, and the real need 
goes deeper — into the fundamentais of 
how America’s transportation rietwork 
operates. By this Mr. Lang meant labor 
work rules, the efficiency with which the 
railroads use capital and equipment, and 
subsidy policies. An example of com¬ 
plexities in the latter: if subsidies are 
ended and tariffs rise on interstate water 
transportation, the railroads may regain 
up to $500 million a year of income. Rail 
rates on routes parallel to Inland water¬ 
ways have been cut to meet the 
artificially-priced competition: rail rates 
would return to normal as soon as water 
rates go up, and volume would rise, too. 

“Lots of people have their pet ideas” 
about why the railroads are losing 
money: inept management, past 
excesses, surplus fixed plant. “A bunch 
of baloney," says Mr. Lang. No single 
issue is adequate to explain the problem 
and no single solution to solve it. —J.M. 
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Award for 1976> Elias is one of the world's 
foremost organic chemists and is being 
honored for his "sustained record of con¬ 
tribution." particularly his syntheses of 
complex natural products and his pioneer¬ 
ing work in the use of computer analysis for 
synthetic design . . . John G. Pulos is 
presently assigned as Navy Science Ad¬ 
viser to the Commander, Operational Test 
and Evaluation Force, U.S. Atlantic Fleet, 
Norfolk, Va. . . . John Farrow is in Michigan 
working in plastics with Ford's Scientific 
Research Staff. John's wife is now a 
grandmother (2Vi times), and she reminds 
John that he is also a grandfather. 

Ross Bowen died in August when a fire 
destroyed his 225-year-old home in Epping, 
N.H. Ross was owner of Sentinelle Security 
Services located in Epping. Previously he 
had been associated with the paper industry 
for over 25 years while working with Cheney 
Bigelow Wire Work Co. in Springfield, Mass. 
Born in Brooklyn, N.Y., Ross became a 
staunch New Englander. He attended Kim¬ 
ball Union in Meriden, N.H., before M.l.T. 
(Course XV). His avocation was the restora¬ 
tion of the family's colonial farmhouse and 
bringing the woodlands to productive use. 
He was a member of the Society of 
Mayflower Descendents. Our class extends 
our sympathy to Ross's wife, Marjorie, and 
their three children. — S. Martin Billett, 
Secretary, 16 Greenwood Ave., Barrington, 
R.l. 02806 

51 

It's a pleasure reporting special recognition 
of classmates, such as the 1975 David Sar- 
noff Award for Outstanding Achievement 
received by George H. Stevens, one of a 
team of four R.C.A. scientists, for outstand¬ 
ing contribution to the development of a 
multifunction tactical phased array radar 
system. .. . Dave V. Ragone, Dean of En¬ 
gineering at the University of Michigan, is 
now e Fellow of the American Society for 
Metals. ... Peter J. Philllou recently re¬ 
ceived a doctor of jurisprudence degree 
from Suffolk University, Boston. He is pres¬ 
ently working for Scientific Energy Systems 
as a Systems Analyst on steam engine ap¬ 
plication and other energy systems.. . . An¬ 
thony Stathoplos has been appointed Di¬ 
rector of Nuclear Safety by Power Systems 
Group of Combustion Engineering, Inc. Be¬ 
forejoining C.E. in 1970, he was associated 
with United Nuclear Corp. and Nuclear 
Technology Corp. 

Special Request: Al Parr was program 
manager in charge of the design, construc¬ 
tion, and installation of Visual Trainers for 
the Lunar Missions. His interest has been 
strengthened by his experience helping to 
teach his son. Bill, who has a hearing im¬ 
pairment. Al is interested in visual learning, 
especially through cartooning. He would 
like names and addresses of similarly in- 
teresfed cartoonists. His address is 4 Beech 
PI., Valhalla, N.Y. 10595. 

Alexander J. Tachmindji is Chief Scien¬ 
tist of MITRE based in Washington. He will 
review MITRE's technology-based activities 
and help design and execute a program to 
increase and improve them. Alec was Dep¬ 
uty Director of the Defense Advanced Re¬ 
search Projects Agency and worked at the 
Institute for Defense Analyses as Director of 
the Systems Evaluation Division and Dep¬ 
uty Director of the Science and Technology 


Corporate Interest vs. Public Interest? 


If you want an unbiased, highly qualified ex¬ 
pert, where can you find him in America 
today? Most people turn to college cam¬ 
puses, expecting that academic standards 
and freedom assure high qualifications and 
independence. 

Charles L. Schwartz, .'52, Professor of 
Physics at the University of California 
(Berkeley), was skeptical. How real is the 
assumed irKfependence of academic scien¬ 
tists who are influential in public policymak¬ 
ing, for example? 

To approach an answer. Dr. Schwartz 
hypothesized two categories of academic 
people on the basis of corporate connec¬ 
tions: Class A are scientists who are direc¬ 
tors of corporations with annual sales or 
total assets over $100 million. Class B are 
directors of $10- .to $100-million corpora¬ 
tions or consultants to over-$100-million 
corporations. 

Some results, as reported by Professor 
Schwartz in Bulletin of the Atomic Scien¬ 
tists for October, 1975: 


— Of 78 members of the President's Sci¬ 
ence Advisory Committee during its 16-year 
history, 55 were "academics." More than 
half of them had Class A connections, 
another 15 per cent Class B connections. 

— Of the 78 members of the National Sci¬ 
ence Board during the same 16-year period„ 
62 were "academics"; of these, more than 
one-third were Class A and over one-half 
were Class A or B. 

Professor Schwartz concludes that "a 
majority of the elite academic science ad¬ 
visers have been captured by the large cor¬ 
porations. . .. The business of America is 
business, from which it follows naturally that 
the big decisions of government are shaped 
by the needs of big business," writes Dr. 
Schwartz, and he urges "a broadened 
search to bring to light the many still hidden 
corporate connections of scientists, en¬ 
gineers, and various other kinds of experts 
who assert that their work is in the public 
interest.” 


Division. 

Gordon Zucker and family are moving 
from Phoenix to Butte, Mont. He teaches at 
Montana College of Mineral Science and 
Technology, after serving as Engineering 
Manager of Siemens Corp. . .. Rodwell V. 
Todd has bought a clothing manufacturing 
business after 20 years in advertising. He Is 
in the West Indies meiking resort and casual 
wear. .. . Clinton B. Seeley of Andover, 
Mass., hopes to finish building his home 
after 15 years' work. . . . John P. Dowds of 
Oklahoma City, whose company is engaged 
in oil and gas exploration, is President of his 
local M.l.T. Club and has been promoted to 
Colonel in the U.S.A.F. Reserve. 

Vic Ifancey is Chief Airframe Engineer in 
F-15 System Program Office, Aeronautical 
Systems Division at Wright-Patferson 
A.F.B. in Dayton, Ohio. He likes his work 
and two-year-old remarriage. . . . John W. 
Nevins is an associate of the consulting 
engineering firm Simpson, Gumpertz and 


John W. 
Nevins, '51 

Heger, Inc., Cambridge, Mass. He is Project 
Administrator of structural design projects, 
including hospitals and university buildings. 

Fafnir Bearing Co., a division of Textron, 
has promoted Manfred E. Becker of 
Newingtonj Conn., to Director of Product 
Engineering. He has been with Fafnir since 
1953... . Allan Elston was recently elected 
Senior Vice President of Consolidated Food 
Corp. in Chicago. He will supervise the op¬ 


erations of a group of Consolidated's non¬ 
food divisions. His last position was with 
Pillsbury of Minneapolis as a corporate 
officer. 

Stanford B. Jones has a new job as 
General Manager of Adams Equipment, Di¬ 
vision of General Machine Products, Inc. of 
Trevose, Pa. Others in the industrial field 
are W. R. Miller, Vice President-Research 
and Development of American Sterilizer 
Co., Erie, Pa.; George H. Fernald, Jr., Vice 
President of Polaroid Corp., Cambridge, 
Mass.; Robert MacCallum, Business Man¬ 
ager of Chromium, Manganese and Special 
Metals Department in the Metals Division of 
Union Carbide Corp.; and Flore DIGIovIne 
of Waltham, Mass., Corporate Director of 
Administration of Plymouth Corp. 

Avrom R. Handleman of St. Louis man¬ 
ages a chemical forest fire control business 
for Monsanto. His wife recently finished law 
school and is now practicing law. 

Anything you want to know about guns 
can be found in Gun Data Book by F. Philip 
Rice, published by Harper & Row. The pub¬ 
lisher says: "The information is presented in 
a concise text and in over lOO tables, a 
compilation of gun data that will serve as a 
permanent reference for years to come." 
The author now lives, hunts, fishes, and 
writes books in Portland, Me. 

We regret having to report the following 
deaths: Curtis H. Snow of 47 MacMillan 
Dr., Brunswick, Me., on August 18, 1971; 
Richard D. Goss of 24 Rockland St., 
Swampscott, Mass., on August 1, 1975; 
Malcolm Basche of 178 W. Ridge Drive, 
West Hartford, Conn., on June 25, 1975. He 
was a Senior Research Metallurgist at 
United Technologies. And George R. Hig¬ 
gins, Professor of Civil Engineering at the 
University of Massachusetts, of 81 Harlow 
Dr., Amherst, Mass., on June 22, 1975. — 
Fred W. Weitz, Secretary, 4800 S. W. 74th 
St., Des Moines, Iowa 50309 
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Do you feel older? You should. Our 25th 
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Reunion is nearly upon us. Arhie A. 
Kramer, Chairman for the reunion, is look¬ 
ing for interested ciassmates to heip. In par¬ 
ticular, Amie would like area chairmen in 
cities ail over the United States. Anyone in¬ 
terested in generating interest by phone 
contacts or otherwise amongst his living 
group, house group, or friends is encour¬ 
aged to contact Arnie at 381 Peakham Rd., 
Sudbury, Mass. 01776; teiephone (617) 
443-9871. If a woman answers, it wili be 
Mrs. Kramer. The neariy perennial 
bachelor, Arnie, was married a year ago this 
past June. 

Our classmates in the academic commu¬ 
nity continue to do well. Stephen J. Kline, 
professor at Stanford University, won the 
1975 Piuids Engineering Division Award of 
A.S.M.E. . . . Darrell A. Frohrib was re¬ 
cently promoted to full professor of mechan¬ 
ical engineering at the University of Min¬ 
nesota. Professor Frohrib is responsible for 
design and graphics activities in the 
Mechanical Engineering Department. He 
and the University's Department of Neurol¬ 
ogy have developed an implantable 
fluid-pressurized device for the control of 
human incontinence, used in 275 patients to 
date. . .. John J. McCarthy is presently 
employed as a staff member in the Plasma 
Physics Group of the Research Laboratory 
of Electronics at M.l.T., where he has 
worked since 1945. ... James A. DiVlto 
notes that he is a senior engineer with New 
England Power Service Co. Jim is mainly 
engaged in all civil engineering aspects of 
new and existing power plants. He and his 
wife have seven children ages 9 through 22 
—three boys and four girls.... Mike Nacey 
was elected Vice President of Bolt Beranek 
and Newman, Inc., in 1974. Bolt Beranek 
and Newman is a Cambridge-based com¬ 
pany engaged in consulting, research and 
development. Mike's responsibilities in¬ 
clude personnel administration, patents and 
licensing, and certain investments. 

Captain Chuck Mathews (C.E.C., 
U.S.N.,) and his wife, four girls, cat and dog 
reside in San Diego where Chuck is Force 
Civil Engineer for Naval Air Force Pacific. 
... I recently visited Ed Margulies at his 
home in Highland Park, III. Ed is a general 
surgeon practicing at Highland Park Hospi¬ 
tal. He and his wife Paulette, now have 
three children, Sarah, 4, Danny, 2, and 
Larry, 6 months. Ed left his associates some 
two years ago and is now much happier 
working alone, despite his long hours. ... 
Palmer S. Shannon says that his firm. 
Communications Systems of Old Green¬ 
wich, Conn., recently received a contract to 
supply all production supervision for Jim 
Sant'Andrea, Inc. of New 1'ork City, a major 
producer of multi-media and film presenta¬ 
tions. ... The president of Satellite Systems 
Engineering, Inc., a small engineering firm 
in the field of satellite communications, is 
Wilbur L. Pritchard. Satellite Systems En¬ 
gineering is located in Washington, D.C. — 
Arthur S. Turner, Secretary, 175 Lowell 
St., Carlisle, Mass. 01741; Richard F. 
Lacey, Assistant Secretary, 2340 Cowper 
St., Palo Alto, Calif. 94301 
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Ari Mlllotes turns his back on nuclear 
weapon analysis, computer programming, 
and corporate technical management to 
rest his ample frame on the counter of his 


deli in Cleanwater, Fla. He adjusts his large 
white hat, tugs at his apron strings, and 
serves gourmet wine, cheese, and del¬ 
icacies. For those hitting the west coast of 
Florida, drop in at the Countryside Mall in 
Clearwater and follow your nose to “Mr. 
Dunderbak's." That is Miiiotes spelled 
sideways. 

If you think Ari has escaped — toothless 
Joe Bova is no longer catching pucks in his 
mouth but ducking coconuts in Hawaii. .. . 
Also, Bob Gardella is cashing in on the 
waterbed boom as vice president of a foam 
rubber company in Marblehead, Mass. 

Dean Jacoby recently visited the Coley 
Bresee's in San Francisco while enroute to 
Japan for Polaroid. Coley is temporarily 
shelving his law practice in favor of teaching 
in the Golden State University Law School. 
Coley and wife Pat are active athletes: Pat 
participated in the A.A.U.'s senior swim¬ 
ming championship (over age 35), sweep¬ 
ing the pool in her events. Coley is a ranked 
tennis player — #17 singles, #8 doubles in 
Northern California. 

Your class officers met in Lexington on 
November 5. Attending were Wally 
Boquist, President; Dean Jacoby, Vice 
President: Joe Blake, Class Agent; Bob 
Evans, Treasurer; . Bob Warshawer, 
Chairman of 25th Reunion; Dave How^s, 
Secretary, Chuck Masison and Lou 
Mahoney, Assistant Secretaries. The most 
important item on the agenda was the class 
gift for our 25th Reunion. Several repre¬ 
sentatives from M.l.T. were present to as¬ 
sist us. They reviewed the critical need for 
funds at M.l.T. so that the Institute can 
maintain its standards and continue to at¬ 
tract the top students. You will be receiving 
a letter shortly from Wally Boquist and Joe 
Blake with regard to the Alumni Fund. Bob 
Anslow is our Class Gift Chairman and we 
will be looking for members of the class to 
assist him. Volunteer, anyone? — E. David 
Howes, Jr., Secretary, Box 66, Carlisle, 
Mass. 01741; Assistant Secretaries: Chas. 
Masison, 76 Spellman Rd., Westwood, 
Mass. 02090; Lou Mahoney, 14 Danby Rd., 
Stoneham, Mass. 
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The time has come for another column, and 
I've been eagerly awaiting your mail. But the 
only letters in the slot are a mortgage 
notice, a tuition bill, and a cemetery adver¬ 
tisement. Logical deduction leads me to be¬ 
lieve this is not an organized protest, but 
rather a yearning for additional items from 
the 20th Reunion questionnaire. 

The second section of the questionnaire 
addressed the topics of home and the fam¬ 
ily. The results show that we classmates 
are, to a great extent, models of the main¬ 
stream. Of those responding, 77 per cent 
live in suburbia, while six per cent are in an 
urban neighborhood, seven per cent in an 
exurban area, and ten per cent in a rural 
setting. Only five per cent found a question 
on mortgages not applicable: of the rest, 11 
per cent had paid it off, and 84 per cent had 
not. The average annual personal indebt¬ 
edness, excluding mortgage, is 31 per cent 
of annual income. The low for this category 
was zero, and the high was reported to be 
500 per cerft. 

The questions on matrimony revealed the 
respondents to be pretty content with their 
situation. Five per cent never married; 79 


prer cent married once, 16 per cent twice, 
and there were no replies in the more than 
twice column. On the issue of marital bliss, 
83 per cent checked the box for happy with 
present spouse. Only two per cent are ac¬ 
tively looking for another, six per cent are 
bore^ but unwilling to change, four per cent 
have found other interests, and six per cent 
found the question inapplicable to their situ¬ 
ation. The average number of children is 
three, and the average number of pets is 
two. One classmate listed all 79 animals on 
his farm as pets, but I find it hard to believe 
that he finds those cows and chickens enter¬ 
taining every morning. 

Family size, and its cause and control, 
was another topic. 59 per cent would, if 
starting again, have the same number of 
children; 17 per cent would have more, and 
24 per cent would have smaller families. For 
49 per cent the children were carefully 
planned. For 25 per cent the little dears 
were accidents, and for another 26 per cent 
they were the results of a gradual educa¬ 
tion. 

The education of children is a topic rapidly 
coming into focus for most classmates. 96 
per cent expect their children to go to col¬ 
lege. and 63 F)er cent expect to pay all col¬ 
lege expenses. In a ratio of 54 to 46, class¬ 
mates would like at least one of their chil¬ 
dren to attend M.l.T. In terms of attitudes, 
44 per cent expect their children to have 
similar ideals to theirs, while 47 per cent ex¬ 
pect their children to be more liberal and 
nine per cent more conservative. By a nine- 
to-one margin, classmates did not have dif¬ 
ferent expectations of attitudes for daugh¬ 
ters than for sons. Thus the picture emerges 
of the happily married suburbanite with 
three not-too-carefully planned children 
who are college-bound at dad's expense. 
Send news. — Co-secretaries Marc S. 
Gross, 3 Franklin Court, Ardsley, N.Y. 
10502; Allan C. Schell, 19 Wedgemere 
Ave., Winchester, Mass. 01890 


4 to dfor our 20th reunion. It will 
be held on campus to take full advantage of 
Institute facilities, and will include an excur¬ 
sion and a special program for children. 
Come, have a weekend vacation at a bar¬ 
gain price, and visit with your classmates. 
Watch for details in the mail. Our class is 
expecting winners, like our guest at the 
15th, Dr. David Baltimore, who just received 
the Nobel Prize in Biochemistry. 

Roger Borovoy has been Vice President, 
General Counsel and Secretary for Intel 
Corp., Santa Clara, Calif., for the past year. 
Intel designs, develops, manufacturers and 
markets innovative products based upon in¬ 
tegration of electronic functions on a small 
chip of semiconductor material. Roger has 
been involved in M.l.T. activities in the San 
Francisco Bay area over many years. He 
held several club offices during the 1960s 
and is currently on the Education Council. 

Murray Gerber writes that his firm. Pro¬ 
totype and Plastic Mold Co., has moved to 
its fourth plant in Rocky Hill, Conn.. . . Paul 
Jaenichen is now a retired lieutenant col¬ 
onel and is currently living in Brandenburg, 
Ky. ... Tod Korelitz has returned from a 
special assignment for Badger in Holland. 
While there, he met Jim Kellard, who is 
with Fluor Corp. near Amsterdam. . .. Ber¬ 
nard Kupferschmid, Director of Opera- 
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Save June 
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Colby Chandler on How 
Profits Become Jobs 

"The worst crime against working people is 
a company which fails to make a profit, " 
said Samuel Gompers, the pioneer or¬ 
ganizer in the American labor movement a 
century ago. Still true, thinks Colby H. 
Chandler, S.M.'63, Executive Vice Presi¬ 
dent of Eastman Kodak Co., and he uses 
the quotation whenever he has a chance to 
remind audiences how far and how fast the 
U.S. has progressed “behind the engine of 
free enterprise.” 

At Eastman Kodak, says Mr. Chandler, 
retained earnings — “the dynamic part of 
profit” — are used to create new products 
with new tools and new machines. “And the 
best part about this investing in technology 
is that it doesn't do pmople out of their jobs. 
Quite the contrary," says Mr. Chandler: the 
result is inevitably more productive em¬ 
ployees and more useful products for cus¬ 
tomers. 

The nation’s founding fathers 200 years 
ago had the same vision, thinks Mr. Chan¬ 
dler. He cites the words of Thomas Jeffer¬ 
son: “Agriculture, manufacture, commerce, 
and navigation — the four pillars of our 
prosperity — are the most thriving when left 
to individual enterprise." Clearly, he thinks, 
the framers of the Constitution “intended to 
set up a system that could include self- 
interest and harness it to useful purpose. To 
my mind, that still sounds like the rnost op¬ 
timistic, the most revolutionary, and the 
most realistic experiment in self- 
government ever tried." 

Mr. Chandler goes out of his way to talk 
about business and its opportunities 
whenever he can; he's convinced that "fail¬ 
ure to understand practical economics can 
have unfortunate consequences for the na¬ 
tion, just as it can for individuals." 


tions for Harbridge House, Inc., a manage¬ 
ment consulting firm, attended the Alumni 
Officers' Conference. His wife. Gene, is 
coordinator of the Spanish language de¬ 
partment at Boston College.. . . Jay Silver- 
ston is a principal in a new company, 
Xenergy, Inc., of Lexington, Mass., which 
analyzes 4ach client's needs and recom¬ 
mends methods to reduce energy usage 
and costs in industrial, commercial, and 
public facilities. . . . Raul Solorzano writes 
that he is one-third partner in a consulting 
firm which provides civil and electrical serv¬ 
ices in Managua, Nicaragua. Raul is also 
head of the civil engineering department of 
Universidad Centro Americana. ... Chris¬ 
tian Van Peski writes that his company, 
Eiectromask, Inc., was purchased by T.R.E. 
— Cosecretaries: Bruce B. Bredehoft, Box 
181, Dover, Mass. 02030; Mrs. Lloyd 
Gilson, 35 Partridge Road, Lexington, 
Mass. 02173 
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The only news for this month is the notice of 
the Annual New York Area Class Cocktail 
Party. It will be on Friday night, February 6 



Colby H. Chandler 


berg, '60, that he had acted as volunteer 
librarian at the Association for Computing 
Machinery prior to the library’s being 
moved. I can only Infer from the postmark 
that this was somewhere In New Jersey. 
How about some other details, Bruce? 

Jerry Schooler sent a letter from London 
where he is a Senior Lecturer in Manage¬ 
ment and Corporate Planning in the School 
of Business Studies at City of London 
Polytechnic. His major interest is in en¬ 
vironmental health management and he 
also serves as a director of a charitable or¬ 
ganization, the Public Health Advisory Serv¬ 
ice. Jerry noted that he and his England- 
born wife have recently bought a new home 
(though the house dates back to 1600) with 
a little land for growing fruits, vegetables 
and vines in an effort to combat the high 
inflation rate. . .. For those who may be 
curious as to Dick Sampson’s where¬ 
abouts, Jerry met Dick for a pub-lunch in 
London last summer. Dick Is a bank invest¬ 
ment counsellor specializing in the com¬ 
mercial banks for Loomis Sayles here in 
Boston. 

Also in the Boston area. Art Cotllas has 
left his position with the Center for Ad¬ 
vanced Engineering Study at M.l.T. to join 
American Science and Engineering in 
Cambridge as a sales engineer in the Mar¬ 
keting Dept, of their Industrial Systems Div. 
Art will be involved with their X-ray inspec¬ 
tion systems of the medical type and those 
we pass our luggage through at airports.. 

That’s all for^now. Keep the cards and let¬ 
ters coming and we promise a column each 
month. It only takes a few minutes to drop a 
note to Phil Richardson, 180 Riverside Dr., 
N.Y. 10024; John Amrein, 770 Greenwood 
Ave., Glencoe, III. 60022; Adul PInsuvana, 
49 Seri Rd.. Seri Village, Hua Mark, Bang¬ 
kok, Thailand; Bob Muh, 907 Chantilly Rd,, 
Los Angeles, Calif. 90024; and myself. — 
Allan Bufferd, Secretary, 8 Whitney Rd., 
Newtonville, Mass. 02160 


in Hoboken, N.J. The cocktail party will be 
followed by an informal dinner at a local oys¬ 
ter house. This get-together is being ar¬ 
ranged by Ed Friedman, who is Dean of the 
College at Stevens Institute of Technology. 
Last year's party was a great success, so 
please give Ed a call at (201-792-2700) or 
myself (212-977-8655) if you would like to 
attend. Ed is planning to contact classmates 
in the N.Y. and N.J. area. — Fred 
Moreffeld, Secretary, Apt. 6-A, 285 River¬ 
side Dr., New York, N.Y. 10025 

59 

A very thin mailbag over the last month. BUI 
Towle is with the Southeast Asia Regional 
Office of the World Health Organization 
where he serves as an overall consultant in 
planning and management in regard to 
W.H.O. and continues in the region, particu¬ 
larly Bangladesh, Nepal and Thailand. . .. 
Ahmad All Kompany wrote from Teheran, 
where he is a Specialist in the Technical 
Bureau of Iran Plan and Budget Organiza¬ 
tion, that he has recently been elected a Fel¬ 
low in the American Society of Civil En¬ 
gineers. . .. We also heard from Bruce Sil- 


60 

This month there are just two new notes and 
several earlier items to report. Salomon 
SeroussI writes that he has been a tempor¬ 
ary resident of Ramat Aviv, Israel, for the 
past .year. He is a systems engineer with 
I.B;M., and his specialty is communications. 

. .. Tom Farquhar, our class treasurer, is 
Vico President for Operations Research at 
Massachusetts Rnancial Services, where 
he is applying quantitative techniques to the 
investment process for mutual funds and 
private clients. Tom had been with Hon¬ 
eywell until 1969, when he joined Mas¬ 
sachusetts Investors Trust, a forebear of his 
present employer. 

Working our way back to mid-1974, we 
find half a dozen notes, including regards 
from Walt Crewson and Roy Krupp. . .. 
Robert Gold reports that he is in medical 
practice in Denver, and his specialty is 
anesthesiology. ... David Perry indicated 
that_he was completing his third-year resi¬ 
dency in general psychiatry at the Upstate 
Medical Center in Syracuse. He was ap¬ 
pointed an instructor at the medical center 
and a staff psychiatrist at the Syracuse V. A. 
HospTtal in July, 1974. ... Bruce Johnson 
was instrumental in organizing the First 
Bank of America in Colorado Springs and 
was serving as its president. ... Jaime De 
Sola spent five years working in private 
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Being President of the M.l.T. Club of Boston Is a big job — and head table of the Boston club’s fall dinner meeting; Mr. Drinan was 

sometimes a "fun" one, too. Here are Stephen Swhrling, '63, and the speaker. 

Mrs. Swerling visiting with Congressman Robert Drinan at the 


commerce in Curacao before returning to 
Shell Oil In February, 1974, at which time he 
was transferred to Caracas with his wife and 
three children — Michael, Monica, and Ser¬ 
gio, then 8, 6, and 2, respectively. His new 
position was Manager in the Supply and 
Refining Administration, with respon¬ 
sibilities for the Area Model and Appraisal. 

That’s it for this issue. Let me reem¬ 
phasize that to print news we have to re¬ 
ceive news, and we would like to hear about 
you. To plagiarize the notes in another 
alumni magazine which I receive, “I’m com¬ 
pletely out of news. Help." — Robert F. 
Stengel, Secretary, 152 Oxbow Rd., Way- 
land, Mass. 01778 
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Robert H. Walker has been named Dean of 
College of Natural Science and Mathe¬ 
matics effective September 1, 1975. ... 
James W. Kesler returned to Leesburg, Va. 
(103 N. King St., 703-777-5894) after four 
and one-half years in Germany with the U.S. 
Army. He is continuing to work as an en¬ 
gineer in various Army research and de¬ 
velopment programs. ... Steven J. Brams 
tells us that his first book. Game Theory and 
Politics, was published by the Free Press of 
MacMillan in March, 1975; a second book. 
Paradoxes in Politics: An Introduction to 
the Nonobvious in Political Science, will be 
published by the Free Press in February, 
1976. The books are in paperback — 
Gerald L. Katell. Secretary, Parking Struc¬ 
tures International, 250 E. First St., Los 
Angeles, Calif. 90012 

63 ' 

Well, here it is, that time of month again tor 
doing the old Tech Review column. I must 
say that I was a little discouraged as I sat 
down to my typewriter this morning. I had a 
column to do, and only one alumni fund en¬ 
velope flap — not even a miserable press 
release or two. Surely this month’s offering 
was going to set a record for brevity. Just 
then the telephone rang, and who should It 
be but Larry Beckreck. As I reported in this 
space last spring, the Beckreck’s had 


moved to England after a three-year stay in 
San Francisco. Larry is working for an En¬ 
glish firm, Genesys, in the civil engineering 
field. Larry’s responsibility is international 
marketing, and he had just completed a 
swing through Brazil, Peru, Denver, and 
San Francisco. After three weeks on the 
road he was pretty tired and was glad to be 
heading for home. Larry passed on the 
news that Margie and Larry Krakauer are 
the proud parents of a baby daughter, 
Alicia, born in October. This is the. 
Krakauer’s first child, and both parents and 
child were reported to be doing well. 

My other correspondent this month was 
Ronald Eng Young. Ron has worked for S. 
Ross ^d Co. and has lived in Belmont, 
Mass., since finishing up his doctorate 
(Aero and Astro) at M.l.T. five years ago. He 
reports that Lauren was born this past year, 
joining Evan, 3, and his wife Jean, a B.U. 
grad. 

I can’t believe that after only two and a 
half years of doing this column I have writ¬ 
ten all there is to write about the 700 or so 
members of the class of ’63. I know that 
you’re out there and that you must be doing 
something that would be interesting for the 
rest of us to read. Besides, my typing is 
going to get awfully rusty if I don’t have this 
column to do once a month. — Mike Berlin, 
Secretary, 18022 Gillman St., Irvine, Calif., 
92715 
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Greetings to the Class of ’64. A very joyous 
holiday season and a Happy New Year to 
you and yoursi 

There is not much news this month; the 
best way to have more reading about our 
fellow classmates is for some of you to write 
us news. 

Richard Carpenter’s family has now 
been increased with the birth of Douglas 
Robert Carpenter on August 27. Congratu¬ 
lations to the whole family. Dick writes that 
they are all doing fine. 

More happy news: Carole Lubln was 
married in June to Albert Lown, who is with 
the Internal Revenue Service in Houston, 
Texas, where Carole is the Senior Systems 
Analyst for the City of Houston Health De¬ 


partment. ... Robert Hershey was recently 
promoted to Principal Engineer at Booz, 
Allen Applied Research in Bethesda, Md., 
where his job is to lead consulting assign¬ 
ments in acoustics and operations re¬ 
search. 

Joe Kasper Is still working at TASC in 
Reading, Mass., where he is involved in 
navigation systems analysis and data base 
design. Joe also informs us that Bill 
O’Halloran, another ’64 classmate, works 
at TASC. The Kasper’s "kids are in kinder¬ 
garten and nursery school." Joe also writes 
about their latest venture: "Flew with wife 
Pat in our small plane out to Grand Teton 
National Park, in August; made obligatory 
stop in Casper, Wyoming, trying to convince 
everyone there that city name is misspelled. 
It didn’t work. There’s a lot more country at 
4,000 feet and 160 m.p.h. than at 35,000 
feet, 600 m.p.h.,’’ but it seems they really 
enjoyed themselves. 

Your Secretary has had some unex¬ 
pected "run-ins” with classmates. Discov¬ 
ered the name Mika Monsler on a door at 
the Washington, D.C., branch of S.A.I. one 
day while I was there. Wondering how many 
Mike Monslers there are in the world, I 
tracked down the Mike Monsler — you 
guessed it, our very own version. Recently 
transferred down here, Mike and Barb are 
presently experiencing the housing agony 
Marlene and I have been living with for four 
months now — trying to sell In Mas¬ 
sachusetts and buy In Washington, at the 
very least a rather expensive proposition. 
Later the same day, believe it or not, I was 
looking up a number in the local Department 
of Defense directory. As if by magic, the 
book opened to a page with subheading 
"TOR." Somehow coincidentally the name 
Torrieri popped into my head. Sure enough, 
there he was; Don J. Torrieri, working at 
Naval Research Lab. He married Nancy a 
few years ago and she is expecting their 
first child soon. 

Just for one last laugher — but strictly 
truth again — I hadn’t seen Mike Monsler 
since that day in early October when I inad¬ 
vertently found him at S.A.I. In November, I 
was on a business trip to Hughes Aircraft, 
Culver City, Calif., to visit Robert G. Kurk- 
jian when there in line behind me to sign up 
for a visitor’s badge was — of all people — 
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Too Much Energy, Too Soon 


John P. Holdren, '65, is used to spreading 
his ideas. As Associate Professor in the 
Energy Resources Program at the Univer¬ 
sity of California at Berkely — the only pro¬ 
fessorial appointment not associated with a 
department — he is responsible for the 
campus-wide teaching and research of 
energy related problems. The following is a 
condensation of invited testimony before a 
subcommittee of the Joint Committee on 
Atomic Energy of the U.S. Congress. It ap¬ 
peared in the July 23, 1975 New York Times 
and Is reprinted with their permission. 

The United States is threatened far more 
by the hazards of too much energy, too 
soon, than by the hazards of too little, too 
late. 

The hazards of too much, which have 
been as widely underestimated as the 
liabilities of too little have been exagger¬ 
ated, include diverting financial resources 
from compelling social needs, making hasty 
commitments to unproved technologies, 
and generating environmental and social 
costs that harm human welfare more than 
the extra energy improves it. 

The idea that slower growth of energy use 
is better follows from several lines of 
reasoning. 

First, rapid growth of energy use fosters 
expensive mistakes. The pressure of 
growth encourages the nation to seize any 
and all sources of supply that seem availa¬ 
ble. Some of these sources are overpriced, 
some will prove unreliable and even more 
expensive than anticipated, some will pro¬ 
duce unexpected environmental and social 
burdens. 

Second, even at slower growth rates, a 
point exists beyond which more energy can 
do more harrn than good. 


The relation of energy to well-being is 
two-sided. Through its productive applica¬ 
tion in economic-technological systems, 
ertergy fosters well-being; but the environ¬ 
mental and social effects of mobilizing and 
using energy can undermine well-being by 
means of direcf damage to health, property, 
and human values, and by disrupting indis¬ 
pensable "public service" functions of 
natural systems (climate regulation, fertility 
maintenance, waste disposal, controls on 
pests and disease organisms). 

Mounting evidence suggests that the Un¬ 
ited States is approaching (if not beyond) 
the level where further energy growth costs 
more than it is worth. 

Third, conservation of energy can mean 
doing better, not doing without. The es¬ 
sence of conservation is the art of extracting 
more well-being from each gallon of fuel 
and each kilowatt-hour of electricity. There 
is enormous potential for improvement by 
raising efficiencies in homes, offices, trans¬ 
portation, and industry. 

Other approaches to energy conservation 
could involve changes in individual be¬ 
havior, and critics of conservation are quick 
to suggest that what is implied here is a re¬ 
turn to a primitive existence. 

In a society that uses 5000-pound au¬ 
tomobiles for half-mile trips to the market to 
fetch a six-pack of beer, consumes the beer 
in buildings that are overcooled in summer 
and overheated in winter, and then throws 
the cans away at an energy loss equivalent 
to a third of a gallon of gas per six-pack, this 
“primitive existence" argument strikes me 
as nonsense. 

Fourth, saving a barrel of oil is generally 
cheaper than producing a barrel. Reducing 
waste through higher efficiency makes more 
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energy available for genuine needs, but at 
smaller cost than the alternatives of more 
mining, more drilling, and more power 
plants. In this sense, conservation is the 
cheapest new energy source. 

Finally, less energy can mean more em¬ 
ployment. The energy-producing industries 
comprise the most capital-intensive and 
least labor-intensive major sector of the 
economy. "Accordingly, each dollar of in¬ 
vestment capital taken out of energy pro¬ 
duction and invested in something else, and 
each personal-consumption dollar saved by 
reduced energy use and spent elsewhere in 
the economy, will create more jobs than are 
lost. 

By carving the fat from our energy budget 
and wisely applying these savings, we 
probably could hold United States energy 
growth between now and the year 2000 to 1 
percent per year, instead of the 3 to 4 per¬ 
cent so widely forecast. If our goal is to max¬ 
imize human well-being, accounting both for 
the benefits of energy use and the likely 
costs, we should not aim at more energy 
growth than this, and I believe we should 
even aim at less. 


Mike Monsler again! 

Guess that’s the "whole nine yards” for 
this issue. When you make it to Washington, 
please track us down at 301-340-7373 in 
Potomac, Md. Marlene can tell you how to 
track me down in Arlington, Va., during bus¬ 
iness hours. Write, please write! — Steve 
Schlosser, Secretary, 12401 Bobbink 
Court, Potomac, Md. 20854 
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This month's column is very short. Next 
month's may be shorter unless’ you write! 

Henry Lichstein writes to say tfyat he, 
Janine, Daniel (4) and Alexander (2) are off 
to Nairobi, Kenya, where Henry will be the 
regional treasurer for Citibank in Africa. ... 
Jim Pearson received an M.B.A. from the 
University of Chicago in August. For the 
past three years Jim has been working as a 
Materials Scientist at the Brunswick Corp. 

.. . Suzy and Greg Schaffer moved to Del 
Mar, Calif. They are active with the Scottish 
Dance group in San Diego, and enjoy the 
southern California beaches and moun¬ 
taineering. ... Howard Ellis is President of 
Enviroplan, Inc. In that capacity he is a con¬ 
sultant to the U.S. Environmental Protection 
Agency on”air pollution regulations, to state 
governments on environmental impact 
statements for new highway projects, and to 


the electric power industry. 

Bruno, our 8-year-old St. Bernard, is thriv¬ 
ing. Please write. — Edward P. Hoffer, 
Secretary, 12 Upland Rd., Wellesley, Mass. 
02181 
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John RIordan sent the following letter: 
"After eight years I've finally got some 
worthwhile news for the class notes. For the 
last four years I've been working on a Ph.D. 
in plasma physics at the University of 
California, Berkeley. Hopefully, I'll finish in a 
year or so. This summer I teamed up with 
Steve Dreher, '69, Peter Lehman, '66, and 
Carolyn Polese for a 55Q-mile canoe trip 
down the Thelon River in the Canadian Arc¬ 
tic. Our days centered around covering 
enough miles to get out before winter, and 
keeping ourselves well fed and sufficiently 
rested. The river and winds were much less 
cooperative than we expected, and the trip 
turned out to be the most arduous (physi¬ 
cally and emotionally) experience of my life. 
Nonetheless, being completely self-suf¬ 
ficient in a strange land for six weeks 
was rewarding. Despite their name, the Arc¬ 
tic Barrens provided us with a caribou mig¬ 
ration, a grizzly bear attack, great fishing, 
exciting rapids, and lots of unpredictable 
weather. I also gained a greater apprecia¬ 


tion for the works of civilization and culture, 
which I avidly consumed upon my return." 

Barry Watkins is a third-year law student 
at Boston University Law School. ... A 
phone call from Bob Howard provides most 
of the news this month. Bob is still living in 
Miami where he is treasurer of his company. 
Unfortunately the name of the company es¬ 
capes me. Bob gave me the following infor¬ 
mation: Mike Frye is living in London after a 
couple of years in South Africa. He is in 
charge of overseas manufacturing-for an in¬ 
ternational company. . . . Louis Often and 
Laura Rosenstock were married November 
15, 1975. Louis is doing his residency at 
Jackson Memorial Hospital in Miami. ... 
Eric Coe is a cardiologist in Leesburg, Fla. 
... Steve Alter has his Ph.D. from M.l.T. 
and is teaching in the U.S.C. Graduate 
School of Management. .. . Mike Telson is 
in Washington, D.C., as an energy advisor 
to the House Ways and MeafiS Committee. 
. .. Bruce Greenwald is completing his 
Ph.D. in Economics at M.l.T. while teaching 
economics at Wesleyan. . . . Rich 
BronowHz is a civilian working for the Navy 
in Washington, D.C. He has two daughters. 
— Jim Swanson, Secretary, 669 Glen Rd., 
Danville, Calif. 94526 
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Only a few short items this month, so keep 
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those cards and letters coming, folks! 

First we report recent graduations. Rich 
Adelstein has finished a law degree and a 
Ph.D. at Penn and is now Assistant Profes¬ 
sor of Economics at Wesleyan University in 
Middletown, Conn. .. . Last June, Richard 
Munson was graduated from Downstate 
Medical Center in Brooklyn. He is now a res¬ 
ident in pyschiatry at Kings County Hospital 
in Brooklyn. 

Far above Cayuga's waters, Stan Hum¬ 
phries has been made Assistant Professor 
in the applied physics department at Cor¬ 
nell. His current research centers on the de¬ 
velopment of intense pulsed ion ac¬ 
celerators for controlled fusion applications. 

We've received a note from Dan Asimov 
who wonders if anyone in the class has his 
copy of Geometry and the Imagination by 
Hilbert and Cohn-Vosson; he remembers 
lending it back in 'tute days, and would like it 
back now. His address is: School of Math, 
I.A.S., Princeton, N.J. 08540. — Gail and 
Mike Marcus, Secretaries, 2207 Reddfield 
Dr., Falls Church, Va. 22043 
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Alright, sports fans, here's the latest: Cap¬ 
tain Ronald L. Bagley was cited for 
meritorious achievement as a member of a 
special studies group with the 17th Defense 
Systems Evaluation Squadron, a unit of the 
Aerospace Defense Command. Congratula-' 
tions. ... Lee R. Brettman, M.D., writes 
that he is doing a second year medical resi¬ 
dency at University Hospitals of C.W.R.U. in 
Cleveland... . Recently promoted to a posi¬ 
tion with Honeywell's North American Op¬ 
erations Law Office as Counsel is David A. 
Frank. David is relocating to Phoenix to 
work with the company’s computer opera¬ 
tions. ... Talal A. Kheir is employed by the 
architectural and structural engineering firm 
of Jordan/Casper/Woodman/Dobson. Talal 
is designing cranes, shipping structures and 
anything else that needs to “stand on its 
own feet.” ... Dale Larson, an assistant 
professor of mathematics at Indiana Uni¬ 
versity in Bloomington, writes to inquire if I 
remember him as the "Senior House hock¬ 
ey puck.” How could I forget? As I re¬ 
member, it, the line of Larson, Kaplan, and 
Berliner (when he moved up from defense) 
wreaked havoc on intramural goalies for a 
number of years. Hope you're still playing 
hockey, Dale, I am. Dale received his Ph.D. 
from U.C.L.A. in the summer of 1975 and is 
spending this year as a research associate 
at Oxford (England) University. 

Thomas Linkas has been named an as¬ 


sistant vice president of The Putnam Man¬ 
agement Co., Inc. Tom was formerly a se¬ 
curity analyst assigned to monitor the chem¬ 
icals, photography, aerospace, business 
services, electrical equipment, and textile 
industries. Putnam manages stock funds 
and money funds. . . . Michael J. McNutt 
began his first year as assistant professor of 
electrical engineering at the University of Il¬ 
linois in the autumn of 1975. ... According 
to an incomplete clipping Michael H. Mur¬ 
ray has apparently received a silver medal 
from the Massachusetts Association of 
Certified Public Accountants. Nioe going. 
Michael is with Arthur Andersen & Co. in 
Bostotj.. .. Thomas Najarian writes that he 
will be’completing his medical residency in 
July, 1976. His wife Sina is beginning her 
fourth year at Cambridge's Buckington- 
Browne & Nichols School. Children Nova 
and Mark are in good health. 

Mark A. Rockoff has completed two 
years of pediatric residency at Mas¬ 
sachusetts General Hospital and has com¬ 
menced an anesthesia residency at the 
same institution. Mark plans to specialize in 
pediatric intensive care. .. . Don Vawter 
received his Ph.D. in August from the Uni¬ 
versity of California, San Diego. He is cur¬ 
rently a senior scientist at the University of 
Virginia in Charlottesville in the Department 
of Biomedical Engineering. His work cen¬ 
ters on pulmonary mechanics. 

Think snow. — Peter Peckarsky, 
Secretary, 950 25th St/, N.W., Washington, 
D C. 20037 
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Our class reunion is coming soon, June 3 to 
6, and the place has not been determined. If 
any of you have any ideas, and if anyone In 
the Boston area would like to work on the 
reunion please write Joseph J. Martori, Di¬ 
rector for Alumni Services, E19-438, M.I.T., 
Cambridge, Mass. 02139. As of this writing 
(Nov. 1) no one has done any work on the 
project. We need help!! 

Donald Haurin has joined the Ohio State 
University faculty to teach public finance in 
the Department of Economics. His wife, 
Jean, is a research assistant at Ohio State 
and is working on her M.A. in social geron¬ 
tology. . . . Raymond Kwasnick married 
Susan Birnbaum of Newton, Mass., an art 
teacher. Raymond is starting his second 
year of law practice at the firm of Widett & 
Widett in Boston. He's playing football with 
Norm Mazer, '74, on the Fenway House 
(successor to SAM) C league team. ... I 


appreciate the response that some class¬ 
mates have been giving by writing some 
great letters. Jack R. Hiatt, 10130 Park- 
wood, #5, Cupertino, Calif. 95014, wrote a 
long letter: "I want to thank all my class¬ 
mates that have inquired about my health 
over the past few years, especially 
Glowienka (since he was the only one). 
After leaving M.I.T., I ventured to California < 
to attend Stanford Business-School, and in 
California I remain. I live on the San Fran¬ 
cisco peninsula, and find the world here 
agrees with me quite well. I currently am 
working for a computer company (time¬ 
sharing) as manager of a consulting group.” 
Jack asked if anyone knows where Dave 
Cartwright and Glowienka are. He also 
said that Fred Horr, '72, is in Los Angeles 
doing who knows what for a government 
(D.O.D.) contractor; Steve Rock is back at 
school (Stanford) for a Ph.D.; Jack Malar- 
key works for Bechtel in San Francisco; 
Larry Prior lives on a farm in Indiana, Rich 
Lefebvre, '72, works for H. Ross Perot in 
South Carolina, and Scott Holden, '74, is 
still in tl}e Boston area." 

I had a good visit with Chris Brewster 
who has completed his work at the Harvard 
Business School and is now assistant to the 
president of GeoSource, an oil company in 
Houston, Texas. Henry Joseph, '74, writes; 

“I am living in Cambridge and working in 
construction. I am currently running a proj¬ 
ect which is converting a convent into sub¬ 
sidized congregate housing for the elderly. I 
am also involved in other efforts to preserve 
the existing housing stock in Cambridge, 
which is increasingly threatened by de¬ 
velopers with plans to build high-rise con¬ 
dominiums. I often see Mark Marinch, '72, 
who, together with Alice, has founded the M 
and M Trucking Co., which provides truck¬ 
ing services for construction projects and 
food cooperatives in the Cambridge area. 
It's a thriving business which Mark plans to 
expand as soon as he can raise the capital." 

Frank Taylor, 916 Graduate House 
West, W. Lafayette, Ind. 47906, writes: "I 
have almost completely lost contact with 
everyone I knew at M.l.T, Two years ago, on 
vacation from my job as laboratory assistant 
in biochemistry at Princeton, I drove to Los 
Angeles where I saw Bob Armstrong, '70, 
and Nancy, and Karl Overbeck, '68. While in 
Boston I saw Chris Brewster and John 
Dieckmann, '73, who was working on some 
kind of mine engineering for a small consult¬ 
ing company. About two years ago I was at 
Ed Buchak s wedding, and I once had a 
couple of beers with Joe Thrift, '68 when he 
was in Princeton on business. I have not 
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A seminar on "International Safeguards for 
Nuclear Power" was a major fall activity 
of the M.l.T. Club of Washington. Here 
Congressman Mike McCormack (left) 
confers with three officers of the Club 
as the session in the Caucus Room of the 
Cannon House Office Building was about to 
begin: Mark Joseph, '64, President; Paul 
Polishuk, '71, Vice President; and Achilles 
G. Adamantiades, '66 (right), Treasurer, 
who was in charge of arrangements for the 
day. 


heard or seen any of these people for the 
last two years and would have little idea 
how to reach most of them. As for me, after 
working in Princeton for three years, I have 
entered graduate school in chemical en¬ 
gineering, specializing in biochemical en¬ 
gineering, at Purdue University. I applied to 
20 schools and chose Purdue because it 
made the best financial offer and because it 
has a good program in biochemical en¬ 
gineering. My master's research will be 
concerned with enzymatic hydrolysis of cel¬ 
lulose to sugar. I managed to save some 
money from my Princeton job and my dorm 
room, is cheap so I should be able to live 
reasonably well (for a grad student). I also 
still have the '64 Corvair which I have been 
'fixing' for the last four years. I think by now I 
have replaced nearly every replaceable part 
as well as doing a lot of body patching and 
repair. If I can just get it painted, which I 
have been thinking about but never done, I 
should have a fairly decent machine." 

For those of you who know him, I got a 
tong letter from “Jolly" Roger Smith, '73, 
who is alive and well at graduate school in 
Ohio (where else?) ... I really appreciate 
the long letters I have received and ask for 
anyone to please write and I'll put it in the 
Technology Review. — Hal Moorman, 
Secretary, 3461 McFarlin, Dallas, Texas 
75205 
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Here we are in 1976. The kids who graduate 
this year weren't even at the Institute when 
we were undergraduates. But, take heart 
dear classmates, we seem so far to be re¬ 
taining (in most issues) our ever more tenu¬ 
ous place on the last page of the class 
notes, so it can’t have been that long. 

Wendy Erb, '73, writes, "Last year of Law 



School finally! I spent a most enjoyable 
summer in Denver, so-so as a town but the 
mountains are so close that it's great. I 
climbed eight 14,000-foot peaks. I'm work¬ 
ing part-time for a San Francisco firm which 
is enjoyable. Talked to Kathy Kram Oobkln 
recently as she was moving into her New 
Haven apartment to start work on her Ph.D. 
at Yale. I'm hoping to see less of the hospi¬ 
tal this year after a car accident and an 
emergency appendectomy in the space of a 
week at the end of MaY. which required five 
days’ confinement.".. . Thomas Flanagan, 
is a Navy lieutenant serving on the U.S.S. 
Whale, a fast attack nuclear submarine. .. . 
Bob Ellis took the Ohio bar ex 2 un last July 
and is with a small firm in Lorain, Ohio. ... 
Robert Ebert, '73, reports, “I spent a year as 
an R.A. for Dr. Richard F. Thompson, the 
w^l-known physiological psychologist, at 
Harvard (neurolinguistics, etc.), a year 
working on psycholinguistic research with 
Bill Cooper at the blessed Institute and am 
finally starting a Ph.D. program at the Uni¬ 
versity of Wisconsin in Madison in clinical 
psychology (heavy on research). I still play 
a lot of clarinet and still sit zen." 

Gus Dias Cameiro writes from Rio de 
Janeiro, “I left First National City Bank of 
N.Y.'s Rk) office in August where I was cor¬ 
porate credit manager in their local invest¬ 
ment bank, and am now working in a de¬ 
velopment bank partly owned by the state 
government. I do coi’porate planning which 
is fun, but not as interesting, as the firstHine 
job I had, out on the field contacting corpo¬ 
rations. Summer is approaching down here 
and we bought a new apartment on a ten- 
year mortgage (Brazilian-style, with vari¬ 
able interest, equal to the wholesale price 
index plus a fixed spread). We are still four 
blocks from Ipanema beach, which is quite 
pleasant, since you can go swimming from 
6:30 to 7:30 and still get to work by 9:00. 


Now we have two kids, a girl Ana Cecilia 
who is 1 V! 2 , and a boy Carlos Henrique who 
is five-months-old. Carmen is working for 
her master's in urban pieinning at the Fed¬ 
eral Univrsity here, and plans to be back in 
the U.S. late this year for graduate degrees. 
Who knows where, though? As you can see, 
things are going quite smoothly here. Tell 
our classmates to get in touch when they're 
around Rio." — Dick Fletcher, Secretary, 
135 West St., Braintree, Mass. 02184 
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Well, here we go again. Not much this time 
— it's the slow season, you know. 

I received a letter from our class vice 
president. Van Dunn. Here are some ex¬ 
cerpts from that exciting communication: “I 
attended my sixth Frosh-Orientation picnic. 
I've decided that I must attend the first ten 
Frosh picnics and maybe I will get a bid... I 
worked at Cornell Med this summer and I 
found out that I really like New York City. I 
didn't believe it at first, but there is just so 
much you can do... In closing, about 20 to 
30 people from our class who did not get 
rings have expressed interest in getting the 
Brass Rat. I don't know if you mentioned 
this in your column yet, but if there are 
others who would like to get one, then I will 
get the rings." 

Cyril L. Bruno writes: "U.C.L.A. has 
been quite a change from M.l.T. I should 
graduate in June, 1976 as a structural en¬ 
gineer— switched to civil engineering. Love 
that concrete.” .. . Elizabeth Antte Newton 
Hsu is a first year medical student at the 
Medical College of Pennsylvania. 

This may seem short — that is because it 
is. — Dennis Dickstein, Secretary- 
Treasurer, 16A Forest St., Apt. B1, Cam¬ 
bridge, Mass. 02140 
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Two great concerts are part of the fun planned 
for you in historic Boston this Bicentennial year. 

Hearing Arthur Fiedler conduct the world- 
renowned Boston Pops should be a part of every¬ 
one’s musical experience. 

And nothing can be more entertaining than 
an afternoon of Scott Joplin’s music, performed by 
the unique New England Conservatory Ragtime 
Ensemble. (This is the same music you enjoyed in 
the movie “The Sting’.’) 

Of all the tours and special events we’ve got 
planned, these two concerts are a must. 

So make sure you get to hear them by order- 
iing your tickets now. 


Return to A.A.A.S., Dept. R., 1515 Massachusetts Avenue, N.W., 
Washington, D.C. 20005 

Please check concerts you plan to attend and write in number 
of tickets desired. 

□ 1 will attend the Boston Pops Concert on FViday, Feb. 20. 

8:30 P.M. Please order-Floor and First Balcony tickets ($6..50), 

_Second Balcony tickets ($4..50). 

□ I will attend New England Conservatory Ragtime Flnsemble on 

Sunday, Feb. 22. 2:15 P.M. Please order_ tickets. (All seats 

$3.00.) 

I enclose check for:_ 

Name_ 

Address_ _ 

-Zip- 

Checks should accompany ticket request and should be made out to A.A.A.S. 
or Am. Assoc, for the Advancement of Science Do not send cash. Tickets 
will be mailed beginning January 20. 1976. Tickets not refundable All seats 
unreserved. All are on a first-come, first-served basis. 
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I THE 1976 A.A.A.S. ANNUAL MEETING IN BOSTON CAN BE A 
1776 EXPERIENCE FOR THE WHOLE FAMILY. 





A new television series on PBS 



“The story of the Adams family runs like a scarlet thread of moral courage 
and strength of character through the whole fabric of American history.” 

John F. Kennedy 


Beginning on January 20, 1976, the Public 
Broadcasting Service will present a series of 13 
hour-long television episodes dramatizing 150 
years in the lives of America's history-making 
Adams family. 

The series will bring to life the ambitions and 
desires and tragedies and triumphs of four 
generations of Adams men and women. Through 
these events we will discover how this unique 
family helped shape the destiny of our nation. 

The Adams Chronicles has been made possible by grants from 
the National Endowment for the Humanities, The Andrew W. 
Mellon Foundation, and Atlantic Richfield Company. 


Tune in January 20. Make sure you see this 
engrossing TV drama from the very beginning. 

The outstanding cast includes (above, clockwise 
from upper left) Steven Grover (John Quincy 
Adams), Lisa Lucas (Nabby Adams), Kathryn 
Walker (Abigail Adams), J. C. Powell (Charles 
Adams), George Grizzard (John Adams), and 
Asher Pergament (Tommy Adams). An original 
production of WNET/13. New York. 
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